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PREFACE. 


I WAS one of the Science TeaclierK seh cloti in 18r2 to 
uttcnul a course of lahoratorj* instruction at South Ken- 
silicon. One of onr clriii<*s was to takt^ notes of lectnre.^v 
delivered by Professor Frankland, which witc? suhsetjuent 1}^ 
e.\amined by his assisbmt, and n*turn(‘d to us. Since then 
luy refK>rt of these la*ctoro8 has been so well worn by 
InuTowei^s, and I have Inten so frequently (HUiKultetl by 
other teachers on matters comprised within tht« limits <)f 
tlie ‘ fllementary Stage * of Subject X., that it appeared 
desirable to put my notes in a ja^rrnanent form. This, hy 
the kind j^ermission of Dr. Frankland, is m.>w done, and 
1 trust iny fellow teachers will find the work m useful 
as T have beem led to expect. My thanks are also due 
to Professor Bloxam for permission to use a number of 
engravings from his valuable text-book of Chemistry. 

G. C. 


UiaXBHCs LiTERAnv Aja> ^ciEjrnnc Issthtctiox : 
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HOW TO TEACH CHEMrSTHY. 


LECTURE 1. 

Titkiik ai'e nsnally two defectfi in tlio irnHwors 

snnt up at the May Kxaininatjons of tlu^ Department of 
Science and Art, chiefly in the elementary nta^e. First, the 
pupils’ evident ijjnomnce of experhneTital illustrations; they 
have hearxl deseriptioTJS of experiments, hut have not schmi 
them p<}rformed. Secondly, a want of ability to express 
their thoughts in writing. The present course of lectures 
to stMcnce-teachers is intended to contribute towards the 
remedy of the first of these defects, by giving bints on the 
experimental illustnitions to be used in teaching. 

It is of tlm highcKt importance in teaching to exercise 
and develop the faculty of Observation in our pupils. Most 
great discoveries have bcicn the result of dilig^snt and long- 
continued observ’ation, as the history of science amply 
shows. Yet of all the faculties of the mind this is the most 
persi.stently neglected in ordinary schemes of education. 
Our scbolars are told what other [people have observed, but 
they are not taught to observe for tbemselves. In the 
teaching of science this ought not to be ; and students ought 
to be shown what to look for, and requircil to make their 
own observations. 

The experiments necessary to illustrate the instruction 
for the first stage of the elementat 7 examination in cben^stry 

B 
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HOW TO TEACH CHEMISTRY, 


nhould begin with such as exemplify the action of different 
forces. Familiar instances should be quoted. Of Heat cases 
are comnion enough. Cohesirm may be shown by the ad- 
hesion of the surfaces of two pieces of plate-glass, very clean 
and smooth : they can be slid upon one another, and the lower 
xna}^ be lifU*d by the? upper one. The action of the Elvctric 
force may lx> illustrated by an excited stick of sealing-wax 
or glass rod and pieces of paper. Magnetic force is exempli- 
fied by an ordinary magnet. It should bo pointed out that 
the action of these forces upon matter does not inoclify the 
latti?r in any way, or leave any permanent effect uj»on it, 
as far as its ordinary propi^rties are concerned, lllustnite 
this by the action of the v<»ltaic (urrent (five or six cells) 
upon a spiral of platinum w'ire. Cohesion and gravity act 
upon it ; gradually increasing heat, leading to a radiation 
of light, and a current of electricity are all intluencing the 
wire at one and the samo time. But when the a<*tion of the 
last three forces is stopped the original properties of the 
wire are not in the least altered. 

Now, illustrate the iran^fonning nature of the Chemical 
Foree, by burning maguosinin riblwn or wire (1).* Win* is 
best, siiuply on account of its resemblance in fc»rtn to the 
platinum in the previous e.xperiment. Show that magnesium 
resembles platinum in certain of its [)ropi*rties, such as 
lustre and tenacity. Then cause heat to act upon it in air, 
holding it in a j>air of tongs, at an angle of about 45®, .so as 
to keep it burning, and over a piece of blackened paper, to 
receive the pnaluct of combustion. Contrast the result of 
heating magnesium wdth that of heating platinum. One 
metal is utterly transformed, the other is not at all moditied. 

Next show further this change of state, as of lignah info 
eolith. Take a saturated solution of calcic chloride, mixed 
with an equal bulk of water. Add to it, all at once, an 
ecpial quantity of dilute sulphuric acid (1 to 4). and shake 

♦ Tln's^t hwivy figures rt'frr to the Wnt of experirnfiU# in th<- 
Appendix. 
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geBtly (2). A sulphate of lime is formeil, which ‘ sots,’ so 
that it will not fall out w*hen the vessel containing it is in. 
vei’ted. Illustrate the change of 
^aseti into solids by placing mouth 
to mouth two jsrs (tig, 1), one 
containing ammonia gas, and the 
other hydrochloric acid gaa, 
placing the lighter gas (ammo- 
nia) uppermost, and then invert- 
ing. Flakes of solid sal-aiumo- 
Iliac settle down in the lower jar. 

Of the change of aoluh iuhi (jaseB 
ordinary gun-cotton is a very 
good illustration: exphulc it with a hotwire, Cfnfnfjva 
([f n dour are not only very good but very ut tractive illus- 
tnitions. Makt* magenta before your class. i\itapineh of 
powdered corrosive sublimate in a test-tulK* and moisten it 
with aniline, so as to make a thick pivste, an excess of aniline 
being avoided. This mixture must he gradual ly heaic*d, 
and the development of colour may l>e ohservijd. It is too 
intense to show well unless diluted with alcohol. If allowed 
to cool the magenta may Ik; dissolveil out with methylated 
spirit ; if time pre.sses the hot test-tub<? may bo dipped into 
a test-glass containing methylated spirit. This fractures 
the tube, and some of the colonring matter is dissolved out. 
Contrast the splendid colour of the magenta %vith the dull 
colour or no-colour of the aniline from which it has been 
produces!. 

Thi^jyoinU of dijff^renee Ixjtween the action of the chemical 
force and of other forces shonhi Ixt exemplified. Most other 
forces act at appreciahle distances. Heat . — Place a piece 
of freshly-cut phosphorus on a tile ; support over it ou a 
brick, at about three inches’ distanoe, the red-hot end of a 
poker: the phosphorus ignites (3). The bummg phos- 
phorus should be covered by a bell-jar or inverted beaker, to 
prevent annoyance from the fumes. Ehdrieity.-^A glass 

s2 
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rod, excited by friction with silk and amalgam, will attract 
a snsjKinded rod of light wood or long thin cylinder of 
paper ( 4 ). 

In <?f)ntnist with tbeso facts, show that the chemical 
force will only act at inapprcciahh) distances. A mixture of 
finely powdered loaf-sugar (1 pt.) and potassic chlorate 
{2 ptH.) will ignite on fwtual contact with a glass rod dipped 
in slrong suljjhuric acid, but not so long as any measur. 
al)l(^ di.stane(3 intervenes between the a(o’d and the mixture 
(6). The state of liquidity, as tending to promote mobility 
of particles, is extremely favourable to chemical action. 
Tliis may be produced in two ways — by solution and by 
fusion, lllnstmte the first b}' a common Seidlitz or effer- 
ve.soing powder, us tartaric acid and sodic carbonate, which 
may ho mixed dry for years without action occurring; 
but when water is added there is iinincMliate and violent 
dwomposition. In the dry way a d(‘flagmting powder may 
be used (well-dried potassic carlxmate 2 pts., sulphur 1 pt., 
and nitre tl pts.) which liquefies by beat and explodes 
violently in the act of combination. A platinum cap.sule 
is best for this experiment, but an iron sand-bath dish may 
bo used. In preparing this powder the ingredients must be 
finely powdered separately, well mixed on paper with an 
ivory spatula, and it should be kept in a wtdl-stopped Ixittle, 
as it is hygroscopic. 

Next may Ix) shown illustnitions of the five mode.s of 
clicmicnl action, (a) Union. — Ajar of hydrogen is to bo 
placed month to mouth with one of chlorine, and the con- 
tents allowed to mix (not in strong daylight), and exploded 
by ignition at a lamp (6). Draw’ attention to the wdiite 
fumes which are formed, (h) Displacetutmi . — Bright iron, 
as the blade of a knife, may be dipped into a solution of 
any copper salt ( 7 ). The chloride is best if symbols are 
used in explanation, being of simple composition, (c) JPJjt- 
— Add solution of potassic iodide to one of mercuric 
chloride, and stir while mixing ( 8 ). (d) Reunmgtmmt . — 



OF CHEMICAL ACTION. 


5 


There is no good inorganic example. A familiar case may 
be shown by heating a test-tube, containing white of egg, in 
a water-bath ( 9 ), As this occupies a few’ minutes it is Avell 
to have a tubeful already prepared, (e) Uvi(t tin turn, — l)e* 
compose red meiTuric oxide by heat (10), in a jneee of 



combustion tula*, with Ixuid t(» retain globule's f»f ynereiiry 
(tig. 2), showing the condensed m<‘ta), and also irnna rsing a 
glowing taper in the oxygen prtnhK'ed. 

It w'ill next be a<lvi.sable to sekn’t some well-known 
substance for further study. Waif-r may lx* first, taken, as 
nu>8t familiar, and one of which most ])eople already kn»»w 
something. Its familiarity i.s quil<* a eount<*rpoiK(! for its 
greater complexity as compared witli hydnichlorir^ acid. 
Notice its three stat<?s of aggregation solid, liquitl, gastsms. 
As a gas it neither burns nor siipjjorts combustion; show 
this with a jet of stcaara or watcjr-gas, w hich wdll not burn, but 
extinguishes a tajier. On heating, ice melts to w’ater ; water 
heated becomes steam — what if we heated this steam still 
further ? The electric sfuirk «upf)lics us with a handy 
means of applying a most intense heat (fig. Z). By passing 
this spark-stream through steam it bt*comes convert<*<l into 
a gas, which, unlike water-gas, is uncondensablo in wdd 
water, and may be collected in a t4jiii-tul>c. This ga«, unlike 
steam, again, burns and even explodes. It is best to act at 
first w ith such forces as heat and electricity. Next show 
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(fig, 4) that by the voltaic current the same gas can be pro- 
duced from liquid water slightly acidified with sulphuric acid 
(11), In the voltameter employed in this experiment, no 
part* of the platinum surface should come into contact with 
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properties of the tw^o gases, when thus obtained, should l)e 
demonstrated, and the students informed of their names. 
It will be enough to re-ignite a glowing cedar-splint with 
the oxygen, and to show that hydrogen burns by igniting 
it at a light of low luminosity, such as that afforded by 
cotton- wool on wire, dipped in spirit of wine. 

Lastly, the chemical force should be caused to act up<ni 



Fiu. 5, 

water. 1. Drive out hydrogen by an alkali-metal (18). 
First illustrate by throwing a piece of jKitassium on the 
surface of some water; then collect hydrogen displaced 
by sodium, carefully guarding against explosions (fig. 0). 
The ‘ sodium spoon * and use of wjre-gau7.e, unless quite new, 
is objectionable ; it is safer to use short pieces of leaden 
tube, I in. diam., closed at one end and filled with sodium, 
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lying in the pneumatic trough beneath an inverted gas-jar 
full of water. 2, Drive out oxygen by chlorine (26) , This 
interesting experiment is somewhat troublesome to prepare, 
and the apparatus should be fitted up carefully before- 
liand (fig. 7). Clilorine is first generated in the ordinary 
manner in a flask fitted with a safety-funnel. The gas is 
led into a wjish-bottle containing cold water, to intercept 
liydrochloric acid, and then into a flask of water kept 
boiling. From this a mixture of chlorine and steam is led 



into an empty bottle, to detain the condensed steam, 
the renmimler witli the chlorine being conducted into a 
poretdain tube, passing through a furnace,* The tube 
should be slightly inedined, so that if steam should condense 
in it Iwfore reaching the hot portion the water so formed 
may trickle luick. The larger the heated .surface in the 

* I have fouml that iron IuIh*s vnamelUU inside and pJiritid with 
broken ixmn'lftin art> quite as useful »» tlie tuln?# usanUy employed, and 
liM' not liable to break. I do not know how long they las*!, but hare 
usKd one in a diwen ex|Hnriment», and it i# still sound. — ti, C. 




LAMINATION OF WATER. 


9 


tube the better ; it maj be packed with pieces of pumice- 
stone or broken porcelain. A bright red heat should bo 
maintained. From this tube the gases are conducted into 
a wash-bottle containing caustic soda in solution, to retain 
hydrochloric acid and free chlorine ; and the oxygen may be 
led off and collected over ivater in the usual manner. All 
the wash-bottles should Ix) three-necked, and lx‘ tilted with 
safety- tubes ; and Ixjfort? heat is applied every cork should 
he examined and proved to he air-tight. 

In this and many other experiments, where an iiritating 
gas such as chlorine is used, it is exjw'dient to havt' some 
contrivance whort^by the escape of the gas into the rootn 
may l)o prevented. For this purpose a T luhc‘ may be em- 
ployed, being interposed betwixfii the c*hIoriiie gciuu’ator 
and the first wash-bottle, its lower limb dipping into a solu- 
tion of caustic soda. By using a j>inchcock the gas may 
Ik^ led int^) the alkaline solution and absorlicd, or it may I><; 
allowed to pass through the appantiu.s, as described ahovc. 


Addeinhi ft* Lecturf /. 

The foliowiu,; are experiments further iilustrutiag the points 
touched ujH>n with respect lo chemical action : — 

Two suirar and f:lerinan yt?a»t, bwome semi-liquid wlien 
rubbed tojfether in a mortar. A mixture of alum and areUte of 
lead beha%'es similarly. IcKlide of nitrojren, explmbni by the touch 
(*f a feather, illustrates the conversion of a stdid iiihi To 

Rhi>w changes of v(dour Bolutioo.s of the fo}h>witig salts may be 
mixed in test-glaaaeB : ( 1 ) Flumbic acetate with )K»tas«ic chrr>- 
mate gives a yellow; (2) ferric chloride with pjtasaic ferrcKjya- 
nide gives a blue; <3) ferric chloride with potasaic sulphocya- 
aide gives a dark red. If the aolutioiia are mther weak they are 
uoarlv colourless^ and the etfect on mixing is more striking. 

The value of Jinetm* of dieimon in promoting chefiiicnl action 
is well illustrated by <»pening a pyrophorus and shaking out the 
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contisDlSi which take hre as they fall out, exactly aa a meteor 
iniSames aa it rushes through our atmosphere. The preparation of 
pyrophori is described in the next lecture. 

The hre modes of vhtmical action may be thus further exem- 
plified ; and attention should be drawn to the phenomena of light, 
heat, which are occasional accompaniments : — 

3. Union. — A piece of perfectly dry phosphorus is laid upon a 
little iK)wdered iodine placed on a tile ; they combine with flame 
imd dense fiimos, which should be confined with a bell-jar or in- 
verted honker. Pt^wdered antimony may be shaken into a jar of 
chlorine ; this should be done in a stink-cupboard, or, at any rate, 
the jar should be removed ns soon as possible. Phosphorus, sul- 
phur, charcoal, or iron may be burnt in oxygen. A jar of oxygen 
and one of nitric oxide may bo put mouth to mouth ; or ammonia 
and hydrochloric acid gases may be similarly causcMl to combine. 

2. J>i»placemnU . — Sodium may be employed to displace hydro- 
gen, which may be ignited. Slaked lime, rubbed with sal-amnio- 
uinc in a mortar, displaces ammonia, which may be smelt* 

Exchange . — Any experiments involving the production of 
a pivcipitah! on mixing two solutions may be added to the one in 
tile t(?xt. Jlaric chloride and sodic sulphate, argentic nitrate and 
sodic chloride, plumbic acetate and potaswic iwiide are good mix- 
tures of this kind. Ferric chloride and potassic sulphocyanide 
give a red coloration ; and cupric sulphate with hydrochloric acid 
changes from blue to green, but this cannot well be seen by gas- 
lighi. 

4. Ilcarrangemmt cannot be better shown than by boiling 
while of egg. 

«i. Eomlution . — The explosion of gun-cotton by touching with 
a hot wire, or of ii>dide of nitrogen by contact with a feather, are 
good illustrations. No other explosion should precede that of 
iodide of nitrogen, as it is so unstable that even a slight concus- 
sion of air will decouipv>se it. 
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LECTURE IL 

Having thus demonstrated that water is composed of two 
kinds of matter, both gaseous — one iudammable, the other 
not 80 — it will be well, for an elementary class, to prti<?et*d to 
the detailed study of these gases. An advanced class might 
w'ith more advantage proceed to a similar analysis of hydro- 
chloric acid, ammonia, marsh-gas, and atnmonic chlonde.* 
First, as to the prepamtion of these gases. The modes 
hitherto shown are too expensive and inconvenient f<»r 
common use, though highly favourable for the paiiioiilar 
object in view wlien they were used. Ciieap and handy 
methods must now lx* exhibited, and very ordinary a}>pa- 
mtus, so that pupils may rep<rnt experiments at home, 

llydnujca, — 1. Tlui principal method (if preparing this 
gas is by acting on an acid with a metal, as with zinc and siil- 
phuric acid (13 ) . A Woulf’s Imttle or oven a Kingle-neckcsl 
bottle, with tw'o-hole cork, fitUMi with funnel and didivery- 
tube, in eraploye<l (fig. 8). Repeat the ordinary boy's ex- 
periment of burning the gas through a piece of tolwiceo- 
pipe as it is generated. Give a warning against fK»cidents, 
and illustrfite how ea.sily one may hapjxm, by designedly 
producing an explosion. For this purjKwe fit a soda-water 
bottle with a p<?rforated cork, witliout a tube, or with only 
a quill, so that if it flies to the ceiling and falls it will do no 
harm. Place zinc in it, pour in some dilute sulphuric acid, 
and hold a lighted taper to the orifice until an (jxplosion 
occurs. Repeat this with the same appamtus, but allow a 


See Hofmann’s ' Modern Chemistry,’ 
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auflicient lapse of time, ho that tlio gas may burn safely. 
2. Show that a metal— e-.y. zinc — may act on an alkali such 



ri<4. 8. 

as caustic soila, and displace hydr4>gcn (14). The alkaline 
solution must bc5 coraHJiitrated, and the zinc in the form of 
turnings, and beat mu.st bo applied: the ga.s comes otf 
slowly. 3. Show that other acids besides sulphuric, as 
hydrochloric, maybe similarly decomposed with evolution 
of hydrogen. In each ca.se collect the gas and burn it, to 
show its identity. 

— Inflame the gas from a jet. Illustrate its 
lightness (16) by means of a small balloon or Roa[>-bubbles, 
or by a light bell-jar or beaker mouth downwanls, counter- 
poiml on a balance : on pouring upwanls a jar of hydrogen 
into the bell-jar it w ill rise, owing to a diminution in weight 
(fig. 9). If the electric or lime light can Ik? procured — or even 
a magnesium lamp— the shadow of a stream of hydrogen 
should Iw projected upon a sheet of white paper. A wide 
tube should be used, and it should be deflected downwards. 
Two jars filled with the gas should be left open for twenty 
or thirty seconds, one having the mouth downwards, the 
other its mouth upvrards (15). Then apply a light to show 
first that the gas has escaped from the one, and then to 
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prove by its ignition tliat the inverted one still contains the 
greater part of its gas, only a little air having become 



mixed with it. Invert another jar of the gas, and ignite it at 
the mouth, pushing the taper up into the unburnt gas (17), 
to show that though the gas burim 
it will not support ordinary com- 
bustion (6g. 10). The taper can 
be? re-lighted at the mouth of the 
jar. Ignite the gas at the mouth of 
a jar standing on the table, and 
point out that the light gas rush- 
ing upwards is burnt more quickly 
than in the previous case. 

Oxygen , — Show the substances 
from which this gas can be prepared : mercuric oxide, 
potaasic chlorate, and manganic oxide. 1. Prepare a small 
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quantity from mercuric oxide (26). 2. If circmnstances 

[iorniit show elimination of oxygen by the action of 
growing plants (mint is best), immersed in an inverted 
flask full of water saturated with carbonic acid gas, and 
exj:)osed to sunlight. One or two days’ exposure in 
spring and summor and four or live in winter will be 
necessary. This illustration is very important, as it 
explains the natural pnxluction of oxygen from the pro- 
ducts of combustion and respinition. Ih Show the pre- 
pamtiori of oxygen from potassic chlorate (h) alone and 
(b) mixed with ono-sixth or one-tonth of its weight of bhurk 
oxide of manganese, in the last case wasliing, and using 
wide tiilMJS to suit the rtvpid evolution of ga.H. Set these 
two experiments going simultaneously, to shew the compara- 
tive rapidity of tht! processes. Having collected specimen.s 
of the gas from various sources, prove their identity by 
similarity of iH'baviotir with n glowing spark, 

JVojx rtiW. — Oxygen re-lights a glowing wick (27). Use 
cedar splints, or gr<*<*n tapers coloured with coptwr; the 
oxide of copiHT caust's the wick to glow longer. Phosphorus 
burns brilliantly (28), and when the heat volatilises it a 
flash of light fills the >vholo vessel, owing to the ]K>int8 of 
contact iMJtween ]>hosphoriia and oxygen lx*ing indefinitely 
incrt'ttsed. For this exfH^riment a dry flask of oxygen is 
and the phosphorus must bo dri(*d. Moisture causes 
spurting, and vrill j>rol«ibly break the flask. Iron or steel 
must be burnt in oxygen (29). A bundle of thin vrires may 
l>e held in the flame of a Heraj>ath blowpiyie urged by a 
stream of oxygen from a gasholder or rtxjeiver of the <?on. 
denst^ gas. 

Notice that in these cases a preliminary heating is 
needful for oxidation, bnt that it is not, however, necessary 
in some other cases. Coals containing pyrites when moist 
oxidise and bum, as also does cotton- wasto when oily. 
Fires thus arise sometimes, the phenomenon being called 
'spontaneous combustion.’ The similar action of *pyro- 
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pbori * is owing to their fine state of division. Tartrate of 
lead carbonised in a glass tube and scaled up makes a ^ U^ad 
pyroplioniH ; * when the tube is optmcd and its contents 
shaken out they burn with a red glow. Zinc-ethyl inflames 
when exposed to air, with formation of heavy fumes of 
zincic oxide. 

To prepare Zinc^eihyJ. — Take a piece of combustion tubing 
12 or 14 in, long, sealed at one end, and containing at tho 
closed end 3 inches in depth of vrell-dried granulate<l zinc. 
Bend the open end twice at right angles, expel nir by heating, 
and introduce the open end into a mixtnrt^ of 3 vols. ethyliti 
iodide and 2 vols. common ether, anhydrous (recently din. 
tilled over ptiUissic carbonah^). litji enough of this lx* drawn 
back to nciarly cover the zinc. Seal the tul)o and cut it off 
at 8 inches or so from the clostsl end. Immerse the sc^aled 
tube in a water-bath for live or six hours, and take it out when 
crystals apjH*ar within. Envtrlope the tulw in a ch»(h, open 
it, and connect with a good length of \ in. tiilx*. Distil the 
crystals at a gentle heat, and c<»llcct zinc-ethyl in small 
tulx^s, which should Iw sealed up and kept for use. 

The rc-combination of hydro- 
gen and oxygen to form wat<*r may 
now lx? shown. p]xplode a niixturo 
of two volumes of hydn»gen with 
one of oxygen in a soda-water 
lx»ttlc, to show tho violence of 
their combination ( 30 ). Small 
collodion balhxms, tied with nitre- 
cotton and a scrap of gun-cotUm, 
to serve as a fuse, may be filled 
with this explosive mixture, and 
allowed to rise ; they explode in 
the air without danger. Soap- 
bubbles may be blown with the 
mixed gases by means of a bladder and a pipe, and expkxle 
on being igni t^. If a Cavendish’s eudiometer (fig. 1 1 ) <jan 
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beobtatnoci the explosion should bo effected with it. In this 
case til© flash of light caused by explosion should be noticed, 
since the mme combination in case of bubbles fails to give 
it. This is owing the pressure exerted. When the 
gases are not sufferfd to expand, there is light ; when ex- 
pansion is allowed, the steam produced is only one-tenth 
the dcnmity of the atmosphere, and there is no light. The 
density of the ignit^nl inodinm influences the amount of 
light. Thus, with attenuated hydrogen and carbonic oxide 
we have pale flames. The dense vapours of phosphorus, 
xinc, aud mercury give much light when ignited. Solids 
give most light in comliustion. 

Thei*© is at kui-st ones <|uantitativo experiment to proven 



Fw. 22, 

the composition of watt?r which should be performed before 
the class. This is, to show that two volumes of hydrogen 
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combine with one volume of oxygen to form two vohuncs 
4>f water.gas. The apparatus necessary is a form of euclio- 
meter provided with a jacket, devised by ll<»fmaiin (fig. 12). 
A mixture of hydrogen and oxj'gen, in the corriM't proper, 
tlons, is introduced into tlie closed end and mis«*d hy 
means of the vapour of fusel-<»il passed into the jacket to 
a tempemtun^ of about Ido" C., when the Itn cl of inenmry 
being equalised in each limb, an indiaruhlnT ring is ad- 
justed round the jacket to show the volume. Comhinalion 
may now b(' eflected by the clcctrie .spark, tlie o|H?n end of 
the endioimdev In'ing corked tightly, and a cuKhion of air 
h(*iiig left to mod«*ratt‘ the forcer of tlu' explosion. Mt*rcury 
is now poured in t<» restore tlic level, on vvln<*h it will be 
observed that the* volunu' of uncombined gases has liccn 
condensed into two-thirds of its vtdnnio of steam. This 
may be well illuKtrati^d to a class by the <’nij»loyment ot 
cuhii'al caiiisbtrs packing inside a double cubi*, S(» us to ex- 
press the foli(4wing formula ; - 

H ; H -b (> = n,() 

Two voI^. t)lic vol. Two VoJs. 

This fnndaraeutal fact is thus iil>soiiite]y /ovn^tv/ to stu- 
dents. 


Addenda to Lecture. IT, 

In preparing hydrogen for experiment care «huu Id be taken that 
the is free from any admixture of air. The simplest method 
of ensuring this is by collecting a few test-tubefuls of gas and 
igiiititig them. So long as air is mixed with it there will be a slight 
explosion, hut as soon as only pure hydrogen comes off’ it will hum 
quietly. A neat method of showing the explosion of hydrogen 
mixed with air is, to <?oUect a stoppered jar full and set it upon 
three blocks, ao that when the stopper is removed and the gas 
ignited, air may enter at the bottom and mingle with the hydrogen 

c 
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a« it ii» Wing burnt The combustion is very rapid, and terminates 
with a violent explosion (fig. The neck of the jar must not 
he too wide, otherwise the explosion will not occur. 

The dilfiision of hydrogen — ^though strictly a demonstration re- 
served for advanced classes — may he used as an auxiliary illustra- 
tion of its lightness. For this experiment a ditfusiiMi-tube is 
nwded, which is a long ghiss tube open at one end and closed 
within an inch of the other by a porous plug. When in use, the 
plug must be kept perfectly dry. TIh^ tube niay be filled with 
jjydrogen by dispiactament, first closing the top of the tube by a 
cork, HO that no hydrogen may escape through the plug. On then 
placing the open (‘rul of the tub«i in eohnnvd water, the ri.se of the 




liquid on nnuoving the cork .‘»]u>\vs that the hydr«)gen escapt-s 
llirough the porous plug mon? rapidly than the air enters the tube in 
the opfMXWte direction (fig. 14). The experiment may be reversed 
by dipping the open end of the tube into water, and lowering a 
cylinder of hydrogen over the plugged end ( fig. 15). The diffusion 
into the ttibe in this case is so much in excess of that out of it, 
that babbles are forced through the water as if they were violently 
blown out of it. 

It will be well to prove by an experiment that when substances 
are oxidised they incteasi> in weight. For this purpose a finely- 
divided metal may be taken, such as precipitated c<»pper or reduet^ 
iron. Forty or fifty grains of metal may be weighed out into n 
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porcelain or platinum crucible, and C4irefully cownterpoi?MNl in a 
balance. On heating to low rednesi^in the Bunsen tlanie the metnl 

is* oxidis'd and by re^weighiiig 
when cooled an increase of weijfht 
niijouiitiiig to 10 or 15 grains ia 
obs»‘rved. If a very gcavil apeciinen 
• »1 iron reduced by liydr<»ge» can 
I •• .secured ( that usually aold is 
not gixwl enough), the ignition 
may be ejected on tlic balanco 
uself, by simply stMtiug light with 
a match to a small heap of the 
uielal, which will burn rapidly 
nith a tlull red glow : (Ite pan of 
the btiinnce will riss? for an iii- 
staiit, and then quickly sittk. 
Another experiment illust rating 
the same fuel is the familiar one 
of htirtdng n caudleiiiid ubseil/irtg 
the resulting water nn<l carlamic 
m id by caustic soda, but this 
is far im»re troublesome than 
tho illustrations just iiienlioued, 
which are, indeed, also non h 
neater. 

It is advisable to proM' that 
manganic oxide, when heated 
w'ith potnssic chlorate to prepare 
oxygen, remains unaltered. Thia 
is simply dona bvdiasolving out 
p«.rtiMisic chloride and Altering off 
the solution, pn^serving the man- 
ganic dioxide for examination. 
The leisure ftfiV»rded to acience- 
leachers by the au miner vacation 
should lai utilised in the prepara- 
tion of things likely to be re- 
quired during the winter, awch a# the pyrophori al>ove- mentioned. 
l,«ad pyrophon are thus prepared : — Precipitate, by means of 
bitartrute of soda from a solution of acetate or nitrate of lead, 
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plumbic tuitnilc, which should dried nt a low temperature. A 
liumber of tubes of hard glass about six iiichf*» l<*ng, and sealed at 
one end, ehould now be about one-third hlled with the tartrate, 
and drawn out at the open end. Then, 
one after another, these should he 
heated in the* Hunsen ilame until no 
more steam or olh»*r vapour issues 
ir»\ when tluiopen end cun be M*ah*d 
I'Hpidlv. When used, one end is notebed 
with a tile and brok(*n off, au<l the 
tin**ly-divide(l carbon and lead shaken 
out into the air, burning us it falls, if 
shaken into a white plate it tan be se<;n 
that litharge is produced. 

The method describe<l above for preparing ziniM?lliyl — also a 
very good pyrophonis -does not give a largt* (juantity. The follow- 
ing plan is one which does n*>t involve the use of any aj)paratus 
he\ond what most science-teachers can command, and may he 




»a< pted whi-u a amalUtoek is to W made. Fit up the apparatus 
repres<>iited >n %. 17, consisting of a carbonic acid generator 
(A ), two drying bottles containing strong sulphuric add (b, c), 
a half-pint flask (®) upon a water-lmth, and a Liebig's condenser 
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(p), througli which cold water is kept runnifip hy rtienns o|* 
tlie tubcH 1 1 . The prew*nce of atmospheric air «t)d of moisture is to 
he very CHrefully guunled against. Kight hundre<l grains of j-.inc, 
perfectly dry and freshly granulated, is to be put into the flask j:, 
and the whole appariitus filled with dry carlamic acid gas, Tluoi 
4(K) grains of ethylic ioditb\ ahsnlutely free frtun inciisture, is 



p aired upon the /liie. rtfel alittle no.re earh<ini(' urid pa-^sed thr«*n;rh, 
after which the current is cut off by chi'.ingthe nippei-ta|) r, w hen 
the gas escapes through u. Ks<‘ape of carlionic acid from the flask 
is prevented hy the end of tin* tube f being under ineirury in n. 
riie fla>k is now heated f>y the water-batb, and the iodide of ethyl 
distils, but is condens^'d nr»d fbovs back, until in about five houra 
it is ctnnerted int<» /iiu -ethyl. Then a slow current of carboni<’ 
acid is again allowed to pass by (tpening ib»' lap T. The f mnleuM r 
is reversed < tig. ]>s ». and tfie tube /* is pasxni into the short test-tulM* 
o, whieh is also fitted with the siplion i, c.ujnef iing if w'ilh tin* 
smaller test-tulx* c, whose cork is also t«u'ni«hed with a short pjeee 


V 
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of rather wide ful>e ( i.>. A nuinber of s^niall tubes ffig. 10) mti«t 
be prepared for th** reception and pn^^ermtion of th» zmc-idhyl. 
The bent neck ( n > of one of tbene jj* pas^ I dow n T, into P, ita other 
end, K, being connected with a carbonic acid generator, tbe gaa 
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dried of course. Carbonic anhydride bein*? H'ridi] cn«.‘ed ti> 
till tl>e wliole apparatus, the pinchcoek, r, in close<l and the flask V, 
iieated by n Hand«balh, m as slowly to distil ziiu:-ethyl into the tube 
0, tin? supply of carbonic acid bein^^ kept up ilirouoh >f N, the ex- 
cess escnpinq- by i.. To till the suiull lubt? the end N is sealed by 
the blowpipe tiume, and the lonjrer lin»b of the siphon is puslied 
down into o, so as to dip into the liquid. On op<(nii»g the tap T 
carbonic acid gas presses sonn* zinc-ethyl over into r, w) that the 
end n of the stnall lube dips into it. 'I’he bulb M is warmed by a 
spirit-lamp, s»> as to expel gas, and on cooling zinc-t*thyl is sucked 
up into it, and tlie tube may be witbdrawn and quickly sealed, 
(ireat care, i.s neeeftsury thr<mehout, on ace»mnt u{ llie sp<intanet>its 
inllamninbilily of ziiuwthyl. (lUo.vum'.s • ( 'lieniistry.’) 

'rile flash of light CHUsetl by the ntmhioation under pressure of 
two volumes of hydrogen mixed with «*tie volume of oxygen mny 
also be observed if the expbbi«ni is ellecled in a soilii-water l>oitle, 
For tlii.s pnrpo'^e. tht* mixture obtained by elect roh^lj. i.s best. 


Another qumititalive ex|H’'riiueut whirh should, if possible, be 
shown to a class is that which piajve.'* the e»tmpi>sition of water by 
weight. Only approximate aceurarv can he obtained in mo.«*t 
casea, but the illustration is too important to be omitted. Fig. iNj 
represents iJie apparatus necessjirv for this denumstratifin. Hydro- 
gen is generated in the usual way from ziue and dilute sulphuric 
acid in the /i, and is then pa'^sed through solution of caustic 
potash (/)), to remove sulphuretted hydn>gen; then tlmnigh a 
U tul>e {«) containing puniico saturated with a strong solution of 
argentic nitrate, to rtunove BT^etiic and nntimonr ; and lastly 
through two similar tubtsfr r) containing pumice Boakt*d in strong 
oil of vitriol, which thonnighly dries it. Tlie gas then passes over 
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(Mipric oxidtj in tlie bulb e, and finally through tho bulb tj ami 
tin* tulx? I, containing pumice aaturatc^d with oil of vitriol. 
tin- bulb c with iti* conteuta must bt* accuirately weighed, als^o the 
bulb g ami tube i. Then, all the connections being iiiafle, 
w'hoie apparatus is to lx» filled with hydrogen, when the oxide of 
copper may be heated by a spirit-lamp. As the reduction pro- 
c«‘eds water is ctujdensed in // and #. When the operation is ov«t 
and the bull) c is cold, it must l>e weighed: the loss in weight 
repres»?nts oxygen. The gain in weight of g and i is water. Tin' 
diib'renc)' betweeii loss of oxygoui and gain cf water is of course 
hydrogen. The chief precaution necessary in tliis experirneiil is 
to avoid beating the cupric oxide until all Uu* air in tlie apparatus 
is displaced by hydrogen. 

When explaining' tlie nature of combustion to a class it i-* well 
to sliow by experiment that gases not usually classed as sn])porlers 
of combustion may be so under certaitt cirtunnstances. siniph* 
method of showing tliis is to melt sonn* potassic chlorate in h 
jdmsphorus-Hpoon mojiiited on a stand, and wlnui it is in full 
fusion to invert quichly o\er it a jar of l»vdrogt*n. A small ex- 
pi »-ion «iccu IS at first, but there is m> «i«nger, and the flame of 
oxygen given ofV from the chlorate burtung in the atmosphere of 
hydri*gen is distinctly observed. Other m»‘tlio<ls of illiistniting 
this, its hy hurning“ oxyg^eu air in an atmosphei)' of hydrogen, 
are also available, but the experiment d**-erilMHi is the least tronble- 
sonu% and this fact, where time U an object, is imp-rtanl. 



24 


now TO TEACH f:UEMT.STRY. 


LKCTITHK III. 

Having; now decomposed wat(?r (1) hy tlic electric spark 
and (2) by the ^(iilvanic current, (d) colh^eted the separat(‘ 
j^ases, and (4) rcauiited them, how are we to prove to 
students that the li<piid thus formed is nmlly water ? A 
eiinvenient mode of preparing water iVom its elements is 
hy hiirnin^ a. jet of dry liydro^ren in air, and (‘oudensinjr 
th(‘ produced vapour (31). A small ijuantity of water is 
tlius procuretl. Inform the clas.s (and ilhistmte it) that, 
potassium will not burn on the surfuee of any neutral licjuid 
ex(‘ept watt'r. ,l^n»ve that the condensed liipiiil is neu tnd 
(32), and burn jmtassium upon it. 

Hero ilm properties of water may l>c conveniently 
studied. If any way possible, its rn/.»ar should be shown. 
A l<uijr, clean zine pipe (12 to It* feet lon^:^ hy din. dia- 
meter), with glass [>Iate« closing the ends, and half-full 
of distilled water, may l>e so arranged as to Ix' lookeil 
thnnigh, or so that a light may bo east throuirh it on a 
white screen. The stratum of air will he perceived to be 
eohuirless, and the stnUum of water will observed to be 
t»f a delicate blue-given, siniilur to the lint of tht? Swiss 
lakes and of sotue (Tloucest-ershitv waUu's on oolitic soil, 
'fhe C4inal at Stroud, fed by springs, is of this colour sonics 
timcs. Organic matter, being usually yellow or bn)wn, 
first noutralisc^s this l^eautiful CH>h>ur (*f pure water, then 
tints it of its own colour. 

(hotu \ — This iillotropic form of oxygen may be pre- 
ptiml by the actioii c»f phosphorus on moist air (33). 
Two or three gas-jars should have a little water at the 
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bottom, with pieces of freshly scraped phosphornK in it, in 
contact with air. Leave them, covered, for about half an 
hour. The quantity of ozone yielded is smaH, but quite 
enough, if the phosphonis has not been left too long, b) 
lil)t*rate iodine from htart?h-pa|a'r dipped in solution of 
iodide of potassium. This test should previously he ex- 
plained to the class. Phosphorus appears tir.st to transhirm 
oxy geu into ozone; Hum, by further exposing, the ozone 
oxidises phosphorus. 

Htjdro^ifL — This may he and should he prepami Ivfore 
the class, by the action (»f carbonic aidiydridi* upon water and 
baric peroxide. The gas may he pn'parc d by any appamtus 
giving a consbtnt stream (tigs. 4Ii and 47), and. afltu* wash- 
ing, it should 1 m( led into a lieaker containing distilhal water 
and baric peroxide, k(q»t stimul. A dilut<* solution of liy- 
drox^d thus ]«repared is sutlieient for tTU)Kt (‘xperiinimts. If 
a stnmger solution is wanted it must he concent rat<*(l over 
sulphuric acid In r*(nio, or purchase<i. Show that stnmg 
hydroxyl containing a little caustic soda, when gently 
warmed, gives otf oxygen, aial that water is h ft ; collect 
the gas (35). Show that oxide of silvtu*, wln-n treated 
with hydr(»xyl (strong), is redu(*e<l to the metallic state, 
with evolution of oxygen, while hydroxyl is also rcslucfsl to 
water* (36). This ex|M‘rimenl by Sir B. Ih’odii* conlirmed 
the molecular by pot he.sis. ] II u.st rate, with I la? aid (^f this 
experiment, the composition of molecules. Free (»xygen is 
oxide of oxygen. An excess of either hydwxyl or argent i<* 
oxide remains undecornpised in this exf>erimont, »Shf»w 
how bhickeneil paintings (from action of sulphrin*tti<l 

* Expi^rirnonts sarli this frwjuently lo ax tAn 

ijiv**. A litilc care woaUl.ohrUte thi». Silver, and pi^ytititun 

siilts, after they have hcfii in cxpcTinienls, shouJd tvA l*i?: tJuv^w ri 

awAV, but Iw put into t,la* t*ott.k"a whirh ouaht t*> in every 

lal/oratory. Tla ir «i«b!s‘qut»nt into h.»v«« the ex- 

pense of btiyine laorc, tJjoegh it involve** a litti#' tr*ubhr. Tins very 
trouble ma.v be ntilt'^ed by givinar pr.vtiet* to « stMidett. 
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hydrogen on thcs Jond pigment) are restored. Use a piece 
of lead-paper whicli has been exposed to sulphuretted 
hydrogen and dip it in hydroxyl or bru.sh the liquid over 
it, thus changing th<j black sulphide of lead into the white 
sulphate ( 37 , 38 ). 

Now hydrochloric acid may Ik? submitted to an examina- 
tion similar to that by which w'e have learnt so much 
reH[KJ(‘ting wat(u*. Use? a jar of the gas to show' its pro- 
peHies. Jt is colourless and transparent ; it w ill not burn 
nor support (Hnnbustion ( 24 ), it fumes in moist air, red- 
dens blue litmus- paper, but does not bieaclj carnnue-pa]K‘r. 
Here explain fully acid and alkaline rejictious and use of 
t(‘st-pHp<'rK. JIav(‘ ready pr(‘pnred eipiivalent parts of 
hydrcudiloric at'id arnl caustic s<Hla in W(‘a.k solution. Show 
one to Ih) aeid, the* other alkaline, and the mixture of the 
two neutral ( 23 ). This experiment should be prepari‘d 
beforehand with great care. Show hydrochloric acid gas 
to be Holublo in water ( 25 ). Use a stout jar, with a thick 
glass cover. Hold the. jar firmly, and withdraw the cover, 
by a sliding motion, under the surface' of water, to get 
quick absorption by a jet of water into i lie jar. There is 
the chance of a thin plate breaking by ]>ressurc, also of the 
jar iH'ing foived downwards. It is necessary to provt' the 
solubility of the giis, lavause, in its elt'ctrolysis, which 
must next be effected, a solution is used ( 20 ). Collect the 
mixed gases into w hich hydroclilonc acid (the strongest of 
comiiKTce) is decomjKised in the voltameter, Ahinifestly 
(his mixed ga.s is not hydrochloric acid, for it does not 
dissolve much in waUu*; it bleaches moist carmine- paper, 
and burns with explosion when lighttsl. 

There is a littJe difficulty in demonstrating the relative 
projx)i*taonR by volume of the tw’o gases whicVi (X)rapo.se this 
mixture, for one of tiiem is considenibly soluble in water. 
The il worn jxjsit ion must be started long enough Wfo rehand 
for the liquid to be pretty wrell saturated w'ith chlorine, and 
then the gases may be collected separately. If liofmantrs 
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apparatus be used, a variety of it witli caontchoue tnl>e 
may ho employed, which enables us to equalise the 
pressure iu nil three limbs, for the greater tlie pressure 
the more gus is dissolved. Having c<»]lecred the gases 
sepanitely, their pn){K‘rtieK should Ih^ brielly examined. 
One is found, by its remly inflammaVnlity, to be (»ur ohl 
Iritmd hydrogen ; tlie other is nondiitlaminuble, and pos- 
sesses bleachiitg powers- dt is chhmuv. 

Chhrniit> should now bo prtqmred by eheini<*iil inetliods, 
and its ju’ojK^rtles fnlly demonstrjited. The UKual method, 
by manganic* dioxide and liydroehloric achl (fig. 'Jl ), may 
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he eiTifdoyed. with three- way tula* to prevent annoyance 
(18). I *oint out the colour of the gtts ; its irrimiing smell 
will indicate itself. 1. Show its action on jw^wdered 
arsenic (or antimony, which is less poisonons), sifted into 
the gas, at onlinary tcmjwratnres, from a muslin or ganjsc 
hag. Then* is some risk of fracturing the thick fiottorn of 
an ordinary gas-jar by the heat of union ; hence a layer of 
sand may phiced at the bottom as a protcfiirm, or a 
flask of thin glass ntay l>e employed. 2. Bum aodium in 
chlorine. Heat the metal to fusion in a deflagrating ladle 
by Herapatb*a blowpipe. On lowering into chlorine thcro 
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is vivid eoirihustioH, with fam{3S of sodic chloride. •]. 
vShow Rpontjineons combustion of phosphorus in chlorine. 
Notice th(3 slight evolution of light as compared with that 
evolv<?d by its burning in air. The fimonnt of beat gene- 
rated is but sTuall ; and though phosphorous chloride is a 
dense vapour, not much light is pr^iduced. If, however, the 
chlorine bfj pntviously passed throiigli a tiilx* heated tored- 
ness, and over phosjdiorus heated in a bulb tii 1x3, much more 
light is emitted. 4. Ibim a jet of coal-gas in chlorine; its 
Ihime is more luminous and smoky than usual. An ordi- 
luiry taper is nion* smoky still, and burns with a lurid red 
flame, speedily goitjg out. It is evident that chlorine will 
thus sup[>nrt the eoiiibustion of hydrogen, hut not of 
carbon. Ibirn a jet of hydrogen, and fry to burn a pie(X? 
of ehai’coal in the gas, t(j prove ibis. o. Show the bleach- 
ing power of chlorine (19). Use w<‘}ikiHh solutions of 
indigo, (vxdijtical, mag<'ntn, and aniline purfile, and add to 
them n solution of chlorine. C’olonrless or nearly colour- 
less substitution nnxhiets arc formed. Colours with a Iwisis 
of carlu>n, smdi as print ing-ink, are m)t bleached by chlorine. 

Ilydrocblorit' acid may now Ik‘ reprodiu’cd by burning 
a jet of hydrogen in an atmosphere of chlorine (21). A 
large thiine is given, atal fumes of h 3 xi?*<K*hh)ric acid asccinl 
in the moist air, 

Chloruie has its aiVmities stimulated by light, as those 
of oxygen are urgt'd bv beat. This mnv^ bo sltowu by 
exploding the mixture of b^rdrogeu and cbloritie derived 
from eh*ctr«>lvRi« of b^’drochloric acid, and sealetl up in 
lead-glass builts. Tliese, of course, must Ix^ kept in the 
dark. To«'xp!ode them a box must be provided, to prevent 
Rixittcring of the fragments. The actinic light of burn- 
ing magneaium wire is sufficient to effect the combination. 
Hy pnnhicing a siuuiar combination in a closed vessel capable 
t>f withstanding the shock, the volumetric constitution of 
hydrochloric acid may lx* demonstrated. For this pur- 
pose strong glass tulwx^, g in. wide, with sto|>eocks at each 
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tiid, are filled with mixed hydrogen and chlorine in e(|ual 
volumes. One-half of this mixture— that is, its chlorine—is 
soluble in caustic soda; and this should he shown l>y allow- 
ing a drop or two of the alkaline solution if> enter, agitating, 
and taking up more of the liquid. Then a similar tulK*- 
fiil should be taken, and one end opened under mermiry, 
to show that the j)re»snre is equal to that <»f the atmo- 
sphen‘. Closing the tulx? again, it shouhi Ih‘ guarded hy 
wire- gauze, and then the gases may be caused to combine 
by the light of burning magnesium. After ihe exjdosioii 
and cooling, the tube must l)c‘ again opened under mereury, 
to prove that the pressure is still the same, and that thert' 
is iu‘ither exj^uision m»r et»ntra4*tion prod need by the com- 
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biuation. Then, open under caustic soila si»httion, and by 
introducing a Bniull quantity and agitating, and allowing 
the tuVn? to be lilltMl completely with the solution, show' 
that the ci*mhine<l gasti.s an5 stiluhle in watet. 

These tubes should be*, very carefully filled. There is Home 
probability of a small quantity of hydrogtm or air being 
in the tube, a« it is diflScult to expel them alfx>gether. 

Next, hydrochloric acid gm may be prej^ami by tictiou 
of sulphuric acid on fused common salt (fig. 22), and col- 
lected over mercury or by displacement ( 22 ). A ustTul 
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arrangomeut for collecting by displacement is a glass plate, 
perforated, with caoutchouc * cork * and two tubes, employed 
as a cover to the jar to be filled (fig. 23). For 
light gases, enter through tube a ; for heavy 
ont‘8, through tube u. Gas should be driven off 
quickly, and the issuing air led into water. In 
tlic ease of soluble gases the cessation or slack- 
ening of bubbles indicates the filling of the jar 
with gas. Let the class understand how a 
solulde gas, like hydrochloric acid, is collected 
by displacement. Kx[»lain full}’- the lalxjratory 
preparation, and hint at the mode of manu- 
facture. Students t(M> fi‘e(juently att('mpt to 
th'seribo a manufacture w'hich they have not 
seen, instead of a homely experiment W'hich they 
have seen. 


Ad^h‘Hihi in Ltritfi'i’! JJl. 

The hunlnes!? and other characteristics of natural water t\>nn a 
su])jcct which is re.%^rved ft*r the advanctMl stage^ hut uii eiemen- 
turv class should see illustrations of the power of water to dissolve 
gases. Some of tht?sc are furnished In die experiments on hydro- 
chloric acid, aunnonin, chlorine, aulphuroua anhydride, and other 
soluble gi4S«w. A useful and instructive addition to thes<* to boil 
a natural water, sv» as to drive out the dissolved air, and by absorp- 
tion of oxygen from it to show that oxygtm is more soluble in 
water than iiitrogett. (An illustnition showing air to he a //«;»- 
tmr, not a comfHmmi,) In this experiment it is necessary to fill 
not only a flask but its leading tube with the water to be boiled, 
and to place the end of the tube beneath the cylinder in which 
the gas is to be collected before beginning to worm the water. 
From the mixture of gases which comes off oxygen is to be ab- 
sorbed by a piece of pln>sphorus attached to the end of on iron 
wire. This requires leaving for a few days, so that the expulsion 
of air may be shown at one lesson and the result of the 




EXPEBIMENTS WITH CHLOBIKE. 


31 


absorption at the next. The oxygen in dissolved air is about 
two-fifths of its bulk, instead of one-fifth, as it is in ordinary 
atmospheric air. 

Another method of preparing ozone is by placing a little ether 
at the bottom of a beaker and holding a warm glass rod in the 
vapour that is given off even at common temperatures. The oxygen 
liberated by the electrolysis of water always contains ozone enough 
to react on starch-paper, and sometimes to bleach a weak solution 
of indigo. 

The colour of chlorine cannot well be observed by gas-light ; in 
evening classes a piece of magnesium wire should therefore be burnt, 
by the light of which its greenish colour is clearly perceptible. 
A mixture of chlorine and hydrogen, however, is liable to be 
exploded by this actinic light ; if, therefore, a jar of such a mixture 
happens to have been prepared for a subsequent experiment, it 
should he covered while the light is used. There are very many 
experiments designed to show the energy with which chlorine com- 
bines with metals. Iron or brass wire may be burnt in the gas, as 
in oxygen. Chlorine may be passed over iron filings or granulafecJ 
tin heated in a bulb-tube; the chlorides produced volatilise and 
condense in a cooler part of the tube. Dutch-metal lowered into a 
jar of chlorine inflames spontauormsly, and is converted into cupric 
and zincic chlorides. A neater w’ay of showing this is to fill a dry 
gas-jar with leaves of Dutch-metal loosely packed, and then invert 
a jar of dry chlorine over it, so that the gas falls ujani the rnetnl, 
which is consumed with a dull red glow. This experiment Hlsr» 
illustrates the great dtnisHy of chlorine. 

Among hydrogenous couqMumds that are spontaneously decom- 
posed by chlorine are turjanuine and ammonia, into which may 
be dipped pieces of filter-paper, which are afterwards introduced 
into the gas. Carbon is copiously liberated from turpentine, and 
chloride of nitn>gen is (possibly) fonned in the reaction with 
ammonia, causing a dull combustion. 

The atition of chlorine a« a bh‘a<rhing and di.Hinfecling agent 
may also he shown by introducing itito the gas wmic piqx r with 
both printing and writing upon it; the wrriting-ink is diachargcil, 
and the printing-ink unaffected, its base being carbon. A jar of 
chlorine .should b<? placed mouth to mouth with one of sulphu- 
retted hydrogen of half it« capacity, and the entire destruction of 
the unpleasant sincdl noted. The sedation of the gas should bt^ 
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hIiuwu to hnvf? Hiniilar propertiefi to the gas itself, a piece of gold- 
leaf, for instance, being dissolved bv it. 

All these lixperiment-s oiiglit to bo performed in a stink-cup- 
board, with a good draught, ns chlorine is excessively irritating to 
the lungs. 

Tlie preparation of chl»>rine from a mixture of common salt, 
manganic dioxide, and Hulphiiric nci<l should be sh<»wn, as also a 
method of procuring it iu the cold by the action of hydrochloric 
acid upon bleaching-powder. 

'Die volumetric composition of hydrochloric acid may he shown, 
if the apparatus mentioned in the text is not accessible, by decom- 
posing a measured volume of the gas with sodium, zinc, or mag- 
nesium filings. Half-till a long test-tube or a similar stouter tube 
wdth hydn>chloric acid gas over mercury, the level of which should 
be marke<l, ami introduce into it a pellet of socliuiii ora few tilings 
of ziiit: or magnesium loosely screwed up in tissue-paper. Shake 
up, the thumb tlriuly stopping the mouth of the tube, and pro- 
tecting the closed end with the other hand. Hn reopmiing the 
tnlw undii* mercury the metal will rise, showing, if the experi- 
tneni has been carefully performed, that exactly one-half of tlu* 
gas has disappeared, and the other half can by ignition be recog- 
nised as hydrogen. 
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LECTURK IV. 

This appears to be the most convenient place to intro<hice 
the oonsideiiiiitm of the compounds 4>f <‘hlorine and oxvjren. 
There are not many illustrations adapted f<»r employment 
before clas.seK. The most nt>teworthy characteristic of 
oxides of chlorine — viz., their instfihility — may be well 
shown by the explosi<»n, on contact with a hot wire, of chloric 
peroxi<le (39). Gcneratt^ this gas in stout glass cylinders, 
in which a small quantity <if strong snlphurie acid is placed, 
and in thi^ acid drop a few grains* w'<*ight of w<'lbdried 
and finely- powdered f^otassic chhn-ate. Imminliate* ai'tion 
ensues, and the heavy chbu'ic peroxide drives out tin; air 
from the jars, w'hieh are loosely covered with piec<‘s of 
card. Test-tulx'S may eirijdoyed, but they must be pro- 
tected by a casing of gtiuze or a sjunil of wir<,‘. Whtui the 
gas is lierceived by its cedour to perviide the vessel corn- 
pletely, a red-hot iron wire may hv. introduced, and the gas 
will Iw deconijK>sed at once, y>erhapH with a sharp explosion. 
It is wcdl to have another experiment in rt\servc’ to illnstrate 
this same point — viz., the spontaneous combustion of phos- 
phorus under whaler, in contac't with peroxide of chlorine 
(40). A jiiece of phosydioms is plac;ed at tin; bottom of a 
d(*ep ti*st.glaft8 or Iwaker containing water, and covered 
with a few large crystals of pcjtaasic chlomte. By aid of a 
long funnel strong sulphuric acid is now pourwl dir«?etly 
uysm the crystals without mixing with the water. A speedy 
evolution of gas is the result, which is def^om|X)Si(^ with 
flashes of light immediately on coming in contact with the 
phosphorus. A solution of ht/pocIilf/n/uM ucki may be pre- 

V 
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pared l>efore the class ( 41 ), by passing a stream of chlorine 
(by means c»f the same apparatus already used) through 
water in which mercuric oxide is suspended. The acid 
solution should be f)ourcjd off, and its bleaching powers 
oxhihited. The preparation of pnicmic chlorate should be 
illustrated ( 42 ) by passing chlorine through boiling milk 
of lime, mixing the product containing calcic chlorate with 
potassic chloride, and crystallising out the l(*ss soluble 
pobiHsic chlomte. This experiment must be la?gun one 
week and finished the next. 

linrofi may now be taken. The manufacture of boi'ic 
acid in Tuscany is more a matter of description than of 
illustniiion, but it will be well to show the prt>cipitation ol' 



boric acid from a hot witurated solution of borax by strong 
hydr(xddori<’ acid ( 43 ). On stirring and cooling, innumer- 
able s|»anglcs of lK>ric acid are deposited. The jjeculiar 
acrtion of boric atu’d on turmenc.|>aper may Ih» shown, as 
well as its feeble action uynm litmus solution, and the green 
tint giren to burning alcohol by a mixture of borax and 
strong aulphuric acid ( 44 ). 

Ccirhfm , — This element may be shown to exist in car- 
bonic dioxide by passing this gas, well dried, over heated 
potassium in a bullvtube (fig. 24). C>r perbayw it might 
better be introduced by charring a piece of wood in a test- 
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tnbe ( 45 ), or bj bnming a splinter of wood in deficit of air, 
as in a rcst-tube. Couif>ai*e this with the result of homing 
wood conipletidy, and junut oat that in the one t'as© the car- 
bon has been prevented from burning. away, wdiile in the 
other it has been allowed to bimi away entirely. This 
explains the nitiouale of charring in billet -lu^tips, or in 
cast-iron retoi ts. Natumlly, there is much carbonic dioxide 
diifustd thronghout the airbus may be pn»ved by exposing a 
saucer of lime-w ater, whitdi absorbs it ( 46 ). 1’he gas iniglit 
even Ix' prepared from atmospheric air, if some KubstamH^ 
could be employed to fix it. Mortar thus eolleets eurbonic 
atihydride, and by a<'ting on (»ld nu>rtar with dilute hydro- 
ehloric aeid ( 47 ). the weaker carbonic acid may b(» dis- 
placed, and its prt‘senee proved by its (‘Xtiiiction of a light. 
Whence comes this oxide of carbon in the air? Ily com- 
bustion and respiration. All our ordinary fuels })roduco 
carbonic anhyilride by their coinhustion. Show' a tap<*r 
biiniing in a jar of air over lime-water which is at first 
clear, but on agibition after oomlmstiori becomes clouded 
( 49 ). T.. illustrate tin* proiluction of carl>on dioxitle by 

respiration Faraday’s apjairatus 

for inspiring air whicli pass(»s threuthg 
lime-water (fig. so as to deprive 

it of its carbonic* anhydride*, and ex- 
piring it through a separate supply of 
lime-water ( 48 ). 

Carbonic acid gas may now 1 m> 
pre|)ared (by displacement, fig. 2d) 
and studied (50). Marble is, perhaps, 
the best source, and an acid such as 
hydrochloric, wdiicli forms a soluble 
calcium salt^ should be used with it. 

First show the feebly acid 
of the gas (52), by shaking up with 
it a solution of litmus, which becomes of a port-wine tint, 
strongly contrasted with the bnlluiut scarlet prcnlaced by 
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stronger acids. 2. The heaviness of carbonic anhydride 
may be demonstrated in several ways, (a) Pour the gas 
into a balanced vessel, mouth 
uppermost (fig. 27). (b) 

Decant or lift (fig. 28) it 
from one vessel to another, 
and test its removal by a 
taper, or pour it down upon 
II taper. (c) Blow soap- 
bubbles, and float them on 
tlie HUifaco of a large vessel of 
the gas, like cork upon water 
(61). Tf tlK‘ gas is drawn off* from twdow (as shown in 
fig. 21^), the bubble sinks. The gradual sinking of a bubble 
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and its sudden roliound on reaching the heavier gas art? 
very striking, if this exfieriinent is neatly done. Notice, too, 
the gradual growing of the bubble till it bursts, by trans- 
fusion of carbonic anhydride into its interior. If the 
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bubble is persistent (aa those made of soap and plyceriiO, 
it becomes of the same density as the gas, and ultimately 
sinks, (d) Or the gas may be drawn by a tap from vessel 
to vessel, or siphoned off*; or its shatlow may be cast on 
a white screen, as in the case of hydrogen (Lect. II. but 
in this instance the tulre from which the gas issues Khould 
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l>e turned upwards. 3. Show the gas to l>e non-inflam- 
mable, and a non-supporter of combustion (63). 

Yet this incombustible gas may be transformed into a 
gas that shall bum. Show this by passing carbonic anhy- 
dride over ignited carbon, contained in an iron tube (64). 
The issuing gas must l>e washed in caustic alkali, to free it 
from unchanged carbon dioxide. Thus the inflammable 
gas carbonic oxide is produce<i. Another mode of prefmra- 
tion is hy decomposing oxalic acid with strong sulplmric 
acid (66); a mixture is given off of equal volumes of car- 
bonic anhydride and carbonic oxide ; tbe former is separated 
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bjr washing in an alkaline solution, and the latter is collected 
(fig. 30). Perhaps the best mode of preparing the gas, bat 
still with a slight contamination of carbonic anhydride, is 
to heat well-dried yellow prnssiate of potash with nine 
times its weight of strong sulphnric acid (56). The action 
requires watching : it is at first slow, then violently quick, 
as the temperature rises. 

Domonstmte the properties of carbonic oxide. 1. Its 
inflammability (fig. 31) and fiame-extinguishing power (57). 
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2. Its want of action on lime-water (well wash, with caustic 
soda, the specimen usetl for this test). 3. Its change on 
burning into carbonic anhydride ; place lime-water in ajar 
of cabronie oxide; ignite, then shake up (58). 

Nitrofjeti . — The consideration of this element may be aj>- 
|)roaehed through ammonia, or throagli atmospheric air; 
perhaps the last is best suited for an elementary class. Or- 
dinary combustion is supported by the oxygen of the atmo- 
sphere, of which the residual gas will not support combustion. 
A convenient mode of preparing nitrogen from air is by 


PBSPAIUTIOK OF NITlIOaBKt S9 

uBing some eombastible matter. Ordinaiy comlmstibleB are 
not available, for two reaeons : 1. They do not remove all 
the oxygen. 2. They introdaoe a contaminating gaa. Phos- 
phorns has neither disadvantage, and is generally employed 
(M). Use as large a cylinder as is available (hg, 212). 
Draw attention to the fumes of plKisphoric pontoxide, which 
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aiv soluble in water. Decant nitrogen into smaller jars, and 
demonstrate ita [)ro|jerties. Nitrogen may also l>e p.v pared 
by heating amnionic nitrite, or what is pnictirally the same 
thing, fri>m concent rattd solutions of sodic nitrite and am- 
inouic chloride, inixoil and boiled (00). Dut the simplest 
plan, though somewhat hazardous, is by acting with chlorine 
on concentrated solution of ammonia ( 81 ). (Caution is 
necessary, on account of the possible formation of explo- 
sive chloride of nitrogen ; hence it is advisable to use fresh 
ammonia for each experiment. Ammonia must be in great 
excess, turmeric or Htmus-paper being kept in the sola- 
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tioH as a guide to the operator. Wide conuecting tubes 
should bo used, on account of the formation of ammonic 
chloride, which might choke up narrow tiil>e8. Flashes of 
light att-<md the decomposition. Excess of ammonia vapour 
must be absorbed in a wash-bottle containing moistened 
fragments of glass before collecting nitrogen. 

Propt;rlit*8 iif Niirogm. — 1. It will not burn, nor support 
(ionibustion ( 62 ). Yet this statoracnt reqnircjs (|ualification. 
The (combustibility of a gas, as we obstTve it, depends on 
its iguitiou-j)oint V)eing vfithin the reach of our conditions. 
If the (‘li^ctrio spark (which is as mucdi hotter than a biast- 
fnrnaoe as that is hotter than ice) Ix) passed through a 
mixture of nitrog(;n anti oxygen, thc'y combine?, or burn 
together, and in ten or fifteen minutes nnl fumes are formed 
HTid denjonstrate the union ( 63 ). At an increased pressure 
the burning is inert? mpid ; at forty or fifty atmospheres it 
is almost tis fast as that of hydrogen. In this, as in other 
teases, it is found that the intensity of light is augmented 
by prcHsiiiH’. In elementary classes this might lx? inex- 
|xmsively shown by using a cucumber-glass 14 or If) inches 
long, ground at the ends, so that glass plates may he 
cemented on, a hole being pierced about the middle for 
inserting a cork with wires for passing the spark. Viewed 
through this length of tuln*, n?d funu?s are t?vident in a few 
minutes. 2. Show the neutrality of well-washed nitrogen, 
as well as its want of atjtion upon lime-water ( 64 ). 

The igniting-fK^int of various substaiu^es may here lie 
eonsidercid. Some fint?ly divided substances ignite at or- 
dinary tempt?ratut‘es, as various pyropbori, »iuc-ethyl, &c. 
Hofmanirs |>hospboriis-bases are similarly igniscible. Car- 
bonic disulphide is ignited at a tenijierature far below 
redut?8s ; its vapour may be lighted by a tube of hot oil 
(U10° F.) or a glass rod heated, but still cool enough to be 
momentarily home by the fingers. Igni ting-points of gases 
vary, that of hydrogen being lowest, then eoal-gaa, canneU 
gas, and marsh-gas. Kitrogen will not bum, simply because 
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our ordinaiy flames do not reach its igxuting.j>oint. The 
oxy hydrogen flame efiects some conibastion of nitmgen. 
The old miners' steel mill ignites hydrogen, also coal-gas, 
but not so easily; caunel-gas not at all, still less marsh, 
gas, its igniting-point being too high. As these sparks 
are really burning iron, and thcrcfort* have a very higli 
temperature, it is mther surprising that they will not 
ignite these gases. The subject tleserves examination. If 
three-fourths of the nitrogen in air he replaet‘d oxygen, 
a jet of hydrogen burning in the mixture will otTect com. 
biuation to form nitric ]K*roxide. As the igniting-ptuiit of 
nitrc)gen is higher than the tern p' rat n re pi-odinjcd by its 
combustion, the combination only oet'urs in the path of 
the electric spark or in conta4‘t with flame. If it were 
otherwise combination would go on tljroughout tlio mix- 
ture of giises with t'xjilosive violence?, as in case of a mixture 
of hydrogen and oxygen. The luminosity of marsh-gas is 
practically zero, as is also that of hydrogen and carlxniic 
oxide ; so their presence in eoal-gas in any <juantity cannot 
po.ssibly improve its lighting j)ower. 


Aihhmla to Lvriinu; IV, 

The oxidijiing power of potassic chlornte iimy he utilised in a 
few other experiment**. .V few grains of it may be triturated with 
the same minute (piaotity of flowers of sulphur in aniortur; a 
series of detonatious iudicatea the vioh-nce of the action. Sulphide 
of antimony may be emphned instead of sulphur; a mixture of 
this kind formerly employed as a fulmiiniting powder. In 
these experiments it is well to proU‘ct the hand with an old glove. 
A minute quantity of amorphous pho«phorns phu;ed on a little 
powdered potassic chlorate d»*tonates on pn^Mim? with the bliule 
of a knife, Hypochlorous stud may btt more easily prepared by 
shaking up mercuric oxide in a stopperwi bottle containing strong 
solution of chlorine, and filtering. 

In connectipn with borax it will be well to explain the nature 
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of the reactions of metallic oxides with the borax bead. Illustra- 
tioos of this may etisily be given to the claas^ and a few beads 
prepared beforehand with cobalt, iron, copper, chromium, See. can 
be handed round for examination. A very interesting example of 
reciproail action may be shown with boric acid. This acid U pre- 
cipitated from its solutions at low temperatures by hydrochloric 
fin«l sulphuric acids. At high temperatures, however, boric acid 
displaces them in turn. This may be shown by beating a mixture 
of Isuic acid and sodic chloride in a porcelain crucible, above which, 
when suifitnenily heated, may beheld litmus-paper and a glass rod 
dipped in solution of ammonia or nitrate of silver. The reddening 
of the test-pap<tr and the furmatioti of w'hite clouds or of a cloudy 
white precipitate prove hydrochloric acid to he liberated. 

A h‘Hs troublesome mode of showing the existence t>f carl>on in 
carbonic anhydride is to burn imignesium ribbon in the gas, wlien 
tluhi's of carbon are deposited on the sides of the jar along with a 
little magnesia, which last may he dissolved away by hydrochUvric 
acid. Similar tlakes of ciirbv»n may be separated from <'halk by 
heating it, powdered, in a dry test-tube with a piece i>f pbosphorus. 
A g<H>d illustration of the circulation of carbon in nattireis atforded 
by passing a very slow stream of oxygen over ignited charcoal, and 
(‘ollecting a jar of the carbmic acid thus produced, in whi(‘h nuig- 
Jiesimn may he burnt, t(» ivcover the carbon whicii was oxidised. 
The -Holubilify ofoarhonic anhydride slumld be illustrated by ahottle 
of Kovhi-wiiter, from which by a ‘ oliampugne-tap' may be drawn 
more thati its »>wn volume of the gas. Here it may he explained 
that water dissolves an equal vohiuie * T carbonic acid gas, at what- 
ever preasure it may happen to be. The solubility of alkaline car- 
bonates in a solution <»f carbonic acid gas should be sbow'u, and 
their n»-precipitatioii on addition of lime-water. With r^'spect to 
the apparent bimiing of magnesium and potassium in carbonic an- 
hydride, it should he explained that this combustion is effected at 
the exjwnse of the oxygen of the eoinpoimd. The temperature of 
the heated metals must he high euough to det^unpose it, op the 
comhustioti wilt not take place. 

An imjiortant illustration of the voliimeti-ic comjwsition of car- 
bonic anhydride dioiiUi las ahowii if p«»ssible. A U-shap^^ tube 
is ni'cessarv, with a bulb bh>wn in one limb, capable of being 
closed by a stopper, through which pass twro copper wires sustain- 
ing a deftagratiiig ladle of bone-earth containing a minute piece of 
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charcoal. The bulb being tilled with dry oxygen, mercurj* equadi»fd 
in each limb, and the level marked, the charctml i» ignited by the 
galvanic current The oxygen is thus converted into carbonic an* 
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hydride, wliicrh on cooling iw ob.**t*rved to o(‘(‘ii})y exactly tin* sann 
volume a« the original tjxygen. 

In preparing carb(»nic «)xi(le great care Hlnnild be takt‘n 1* 
remove all carbouio anhydride, e!«pecially from jura of tbfgfn 
designed to show it« want of action upon linn*-\vater, V\ Ino, 
preparing it by the action ot sulphuric upon oxalic aciil, 
it will be well to collect a jarful of the mi xed gaaen, and, 
by submitting this mixture to the motion of a cnustir 
itlkali, to show that exactly one half id it is abnorhed, 
the remaining half being carlsmic oxi«le. W'ith in- 
ference to the UfHffulness of rarl^imic i>xid<? gt-neraU'd 
in smelling furnaces, its redin iu/ pf»werrt slnnild be 
illustrated by passing a alreain <»f the dried gas ovt»r 
heated oxide of copper or of iron, much in tlm Haim* 
manner as described already (p. 22) in the case of 
hydrogen (tig. d‘}i. In thi« experiment prove the 
formation of carbonic anhydride by leading it into 
lime-water. 

In preparing nitrogen from atmospheric air atten- 
tion should be drawn to the pro|K>rtions in which oxygen 
and nitrogen wcurin the mixture. In measuring this 
— unleiis very accurate inatrumenta are available — 
carbonic anhydride may be omitted from ct^osidera- 
tion. A useful eudiometer for the jmrpoae is one 
made out of a piece of half-inch glass tubing, on the 
principle of a Cooper’s w^eeiver, the longer limb being divided 
into 1(X) divisions (tig. 34). This instrument b first tilled with 
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water. The air to be examined is then introduced, and the level 
j>f the water adjiwted to the zero of the acale. A few drops of 
water beiu^ now removed from the op€^n end of the eudiometer 
by H tube, their place is supplied by an equal quantity of solu- 
tion of potassic pypoji^allatt} ; or, what is the same thing, solutions 
of caustic potash and pyrogallic acid are separately used to refill 
the open end. The instrument is now closed with the thumb 
and violently shaken, to promote absorj)tion, and then opened 
under water, so that the liquid may rise and its level be ascer- 
tained. All measurements must be taken after the eudiometer 
has l>e(‘n irumersod iu a glass cylinder Containing water, so as 
t4> c<»unteract tbo expansion caused by the warmth of the hand, 
and while the water is standing at the same level both within 
and without the tube. 
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LECTURE V, 

In treating of the comjK>TiTi(i» of nitrogen and oxygc'ii, 
itUruas u,ridle, as tlie simplest, may he taken tirst. iSt»rTU»- 
times, however, it might be well to l>egin with nitric tic*ul, 
jtH the origin, diwjctly or indirectly, of all nitrogen oxi<leH. 
In pjvparing nitrous oxide, ammonic nitrate shouM Ik? 
tirst fused, so as to drive off its water. As glass is liahle to 
lx? overheated, a porcelain dish should Iw usetl, and tin* fused 
salt, just as it In-gins to dccomjK>8e, poami out ujH)n an 
iron plate to cool ; it should then be coarsely po\v<lcrcd. 
This plan avoids tho condeiiHatiou of steam in ilu? iipf>er part 
of the flask, and cousequeiil risk of cra<*king, as well as saves 
time. When collecting the g*i» tlar heat should Ix!! mode- 
rated after fusion has commenced, to prevent a loo stormy 
evolution of ga.H. it might bo well tt> show the actual 
formation of aimnonic nitrate by the neutnilisation of 
nitric acid with amnionic carlxmato, and crystallising out 
the product ( 65 ). In show’ing the effect of nitrous oxide 
u|Km combustibles ( 67 ), the burning body, as sulphur, 
should l>e iramemHl in the gas while feebly burning — it is 
extingtti.she<l ; on repeating the experiment with strongly 
burning sulphur it continues to burn, and with inenjased 
brilliancy, almost as if in oxygen ( 66 ). The gas itself is 
really not a supfwrter of comlmstion ( 67 ). If a Imrning 
body generates sufficient beat to decoiiip<»m> it, the lil)erated 
oxygen stimulates the ffame, the nitrogen taking no part 
in it. Precisely the same thing may Im observcstl in the 
case of carbonic anhydride pas.scfd over ignited potassium : 
the oxygen of the gas burns with tlie metal, and carbon is 
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depoMted. Magnesium ribbon will also bum in the oxygen 
of carbonic anhydride. The term ‘ supporter of com- 
bustion * is quite relative. Any electro-negative consti- 
tuimi of a body that can be wrested out of its compounds 
by a more electro-positive element (as oxygen out of car- 
bon ii! anhydride by potfissiuin) may be considered as a 
supporter of combustion. 

Nitrite nxi<hi also illustmti‘s this property. It may be 
prcqmred in the usual way — by placing copper turnings in 



Fw5. 3’i. 


a Woulf’s iKdtle, covering them with waiter, and adding 
nitric aedd throngb a funnel. Notice that red fumes are 
first formed, and then, when all the five oxygen in the 
generating vessels is got rid of, the colourless nitric oxide 
comes off. A tufier is extinguished in tViisgas (70), so also 
is feebly- burning phosphorus. But give the phosphorus 
time to l)eeome intensely hmted, and it decomposes nitric 
oxide, and bums brilliantly at the exfiense of its oxygen — 
m>t so brilliantly as in pure oxygen, however, liecause there 
is ti considerable amount of inert nitrogen which shares in 
the heat generated. Temperature, as well as density, in- 
Huences the amount of light given off by burning bodies. 
Nitric oxide is a test for free oxygen, with which it combines, 
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forming the ruddy furaea before mentioned. Illustrate this 
(fig. 35) by decanting into a tall jar standing in the pneu- 
matic trough, and half-full of nitric oxide, an equal volume 
of oxygen (69). Immediate combination (.msues, indicated 
by the generation of heat and (‘onsiderable o-xpansion, and 
subsequent rising of the water, as it dissolvtis the newly- 
foimed higher ruddy oxide. ilepcat this ex jieri merit, 
mixing equal volumes of nitric oxide and nitrous oxide, 
in which there is no free oxygen, and show that no absorp- 



tion or fornmti(»n of brown fumes oeenrs. "I'his t<?Ht dis- 
tinguishes btdween free oxygen and the only gas likely to 
bo mistaken for it. 

Nifrou^t Anhy*irvh *. — A small quantity of this should h(^ 
prf’jjaretl Irefore the class by the miucing action of am‘nioii« 
anhydride, or starch, upon strong nitric acid, and col)cH*ted 
by displacement (72). A sfH^cimen should lx* shown of 
the condensed gas (pn*pared as shown in fig. 3t»), sealed 
in a tube, and kept in cohl water. The double ar;tioti of 
nitrons acid as a miucing and oxidising agent should 
be shown. Sodic nitrite a^idexi to a solntion of potassic 
permanganate acidified with snlplmric acid is reduced and 
decolorised (73). If addcfd to acidified indigo or magenta, 
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the colour in discharged by oxidation and nitrous oxide is 
liberated (74). 

Nitric Peroxide , — Prepared by heating plumbic nitrate, 
previously powdered, to decrease decrepitation (75). This 
dc5c*omposes into litharge, left in the flask, oxygen given off, 
and nitric peroxid(‘, which may be condensed in a 'U-tube, 
surrounded by ice and salt. 

Nitric Add. — Tli is should be prepared in three ways: 
1, liy heuting a mixture of sulphuric acid with twice its 
weight of potassic nitrate, tlio proportions used in manu- 
facture. Show the great heat required, and the risk 
of loss by d (‘Composition, proved hy production of brown 
fumes and of oxygen. 2, By h(»ating more gently a mix- 



ture of sulphuric acid with its own weight of jwdussic nitrate. 
In this <5*180 a loss coloured h({uid is pinnluced. Of course 
the I'otort must be tit tod with a coudenstu- in these cases (flg. 
;ir). 3. By |M>uringii little concentrated hydroxyl into a jar 
of iiitnc pei'oxidoand agitating (77) ; the colour of the gas 
disappears, heat is generated, and a true chemical union 
is eff€?cfced, precisely analogous to that of hydrogtm and 
ehl<»rine. This may be used as a gcnnl illustration of the 
behaviour of com|Hn*nd radicals, and some explanation of 
this subject introduced. The add prepared by each of these 
itmtluHls should 1)0 roughly testeil, say hy addition of cop- 
per turnings, and proved to be similar. Illustrate the 
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oxidisinpf effect of nitric acid upon motals bj a kittle coppr 
or tin ( 78 ) ; uj>4>n oirbon by dcffagiating amixtui*oofchar» 
coal 15 parts, and nitro 75 parts, or by Tiiehing some nitw 
in a Florence flask, and when it is (juite lit^uid dropping 
into it a few small pieces of cltarcoal ( 79 ). Then show its 
w^ant of action upon goUUloaf by shaking up a few^ leaves 
ill the strong acid ( 80 ), and if convenient leaving to stand 
for a week. Having done the siiino witli gohl-leaf and 
hydrochloric acid ( 81 ), the iwo liquids may Ik» mixed aiul 
stirred, when tlie gold will \h} dis.solved ( 82 ). This wdll 
introduce atpta retjioy upon which something may la* said. 

Ammjunki , — The mort* })rominent prop(‘rti(*s of this gas 
may first lx* denionstmtiHl. Tr}’^ witli taper and invi*itcd 
jar (the gJiS Ix'ing lighter than air) ; the flame is fit*Ht 
sliglitly eniargcil and then (‘Xtiiiguished ( 85 ). The enlarge- 
ment is due t<» a very slight and evanescent combustion of 
llui gas. Its igniting priiiit, like ibut of nitrogen, is bigber 
tluiii the tempc'rature produced by its conibriKiion. If 
beaU^l Ind’ore lighting, (»r sturteil from a higher platform 
of teuiptmiture, us it wen*, it w’ill burn better. Hofmann’s 
gas-furnace may be used with g<MMl effect to show tliis, by a 
gnwiual heating till the giis burns, and a gnwiual cooling till 
itgoe.s out. Or the gas may Ihj burned in an atniosphcrcMif 
oxygen by the following arnuig<*nienl ( 86 ). A short tube, 
l\ inch diameter, corked at one end, is taken. Through 
the cork pass two tiihcs, one nearly reatdiing to the open 
end of the wdde tulx*, from which to hum ammonia, and the 
other to snpjily oxygen. A lo<»se packing of cotton-w*ool 
is .so platted as to diffuse the i»xygen pnstty equally. On 
lighting the ammonia it bums with a larnlx^nt gitjen flame, 
which, when tin* ox^^gen is turmxf off, lias a short struggle 
for existence, and then dies out. The solubility in water of 
ammonia simuld be shown similarly to that of hydrocliloric 
acid, and with the same precautions ( 84 ). Its alkalioitv 
is manifested by reddened litmus or turmeric- pa|ier ( 87 ), 

E 



50 


HOW TO TEACH CHEMISTKY. 


Show collection by upward displacement ( 83 , fi^. 38), and . 
illustrate the process of manufacture by leading the gas 
through Woulf’s Iwttles containing waU;r. Heat ammonic 
chloride upon platinum foil, to illus- 
tnde the volatility of ammonia salts, 
unless they contain a fixed acid, when 
the bfise only, the ‘ volatile alkali/ is 
driven off ( 88 ). 

Now decompose ammonia. First by 
passing through a red-hot tube ; wash 
the issuing gas in an acid liquor, and 
use acidified water in the ]>ncnraatic 
trough. The rt‘salting gas has lost 
the propiTtics of anunonia gas. It 
is not alkaline, but neutral ; it burns 
readily in air, and it is insoluble in 
water. If possible decompose by the 
spark stream in a eudiometer, fitted with a caoutcliouc cork, 
containing a tulx* with sk)p(H)ck to admit the gas, and two 
co])|,H>r win‘s, whert*by a piece of cupric oxide t‘nclo.sed in a 
spiral of platinum w'ire may bo heaU‘d ; platinum wires for 
passing the spark arc also fused into the glass in the usual 
manner. Keep the pressure of mereury high, to facilitate 
decoin pewit ion, which must W continued until th<» volume 
of gas is just doubled. Then ignite the cupric oxide by tJie 
galvanii* curnuit ; hydrogen is absorbed and nitrogen left. 
If any ammonia happens to 1 m» undecom posed it will hi*. 
dissolved by the prodn<*eil water, and the volume of rt\si- 
dual gas correspondingly diminished. A suitable pU^e of 
cupric oxide can Ik? prejmred by calcining a piece* of thick 
copper wire in a current of air. Collect also nitrogen and 
hydrogen separately by electrolysing one volume strong 
solution of ammonia mixed with ten volumes saturated 
solution of common salt. Di*coni[K>se ammonia gas also by 
chemical means, by jiassing over heated }K>tassiam or so- 
dium to liberate? hydrogen, and by passing chlorine tbrough 
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it« solution to obtain nitrogen, h« pivvioasly di^srribed. 
Now sum up the* volume. relations of ammonia and illustmte 
the Uxet |NJl3l=rlN!+ |H|lH!!Ht bv using the 
eubes already mentiont*d. 


A(]d^*mJa to L*rinrt> 1 \ 

It is a very inslructive inetlnHi of stiui\ing llu* oxy-coiupounds 
nf nitrogen to begin with nitrie acid, and consider the results of 
its gradual deoxidation. As a matter of fact, nilric acid is, 
directly or indirectly, the source of all the *»xide» of nitrogen, atid 
in 8<mie case^^ it is even reduced to nitrogen or ammonia. 'Fhere 
is, therefore, a peculiflr fitnesa in this method of bringing a !M*nes 
of facts before tin* minds of fttudeiits. The following equations 
will indicate the imHle of treatment ;-™ 
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The relationship between acids and tbeir anhydrides may here 
be well illuatraUid by the nitrogen 8eri<*s, in addition to briric and 
carbonic anhydrides, alix^ady mentioned. The analogy of th»*ae 
with the chlorine series should also be alluded to. 


yiO’Offm Si'Hes. C/Jf^ntw Series, 

A<'i4U. Anti>drwlr<*. Aciffa<. Ari!}r4ri«t««f. 
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the 

two peroxides 
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chlorine should be pointed out, as shown in their ritnilar behaviour 

k2 
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with caustic soda. The combination of two oxides may be illus- 
trated further by reference to the }-oxides of iron and manganese, 
already mentioned, and the similar nomenclature shown on the 
bUick-board, 

Ferroso-ferric oxide FeO + 

ManganoHO-mangauie oxide MnO + =* Mn^O^ 

('hlon)»o-chloric anhydride 

Nitroso-nitric anhydride 

The ])roduction of ruddy fumes by acting with metals upon 
nitric acid should be pointed out as a test for the acid. The com- 
mon test for nitrates by adding strong sulpliunc acid and ferrous 
sulphate may be showm, and further illustrated by absorbing nitric 
oxide with a solution of ferrous sulphate, and boiling out the gas 
again. An alternative method of preparing nitric oxide also exem- 
plifies this—namely, by heating a mixture of nitre (12o grains), 
ferrous sulphate ( l,2o0 grains), and dilute sulphuric acid (4 fluid 
ounces), containing one-fourth its volume of acid. 

A neat way of showing the easy docomposibility of nitric acid 
w'ith libemtion of oxygen is, to pour nitric acid into the bowl of a 
tol)acc(v-pi}H^ placed in an inclined position, the stem being heated 
to redness hy a IJunstm burner. The evolved gas, which is mainly 
oxygon, may bo collected over water and tested with a lighted 
ta}>er in the usiud why. 

'I'he occurrenct^ of ammonia among the products of the destruc- 
tive distillation of organic bodies ciuUaining nitrogen should he 
illustrated by heating any such substance uis horn, hair, tlannel, 
or lean meat ) with caustic soda or S4)da-lime, when the odour of 
ammonia is perceived ; and turmeric-paper or a real dipped in 
hydrochloric atud may be held to the mouth of the tube to afford 
further pn H)f. 

The combiinuion t»f ammonia with acids ( without elimination 
of any incidental product) to form salts analogous to those of the 
alkali metals should be well explained and illustrated by symbols 
on the black-board. The so-called * ammonium-amalgam ’ can be 
sliown. A tall glass jar two-lbinls full of a strong solution of 
sal-ammoniac should have poured into it about two ounces of 
sodium-amalgam. In a few seconds the amalgam will swell 
out considerably, sometimes rising and floating on the surface 
of the liquid. The aiumoiuuin theory should receive careful 
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attention, and the jntelHjrent ufie of the j»ymbo1 Am for 
practised in equations wht^re no decomposition of atinnotiimu u 
involved. 

_ The frequent natural oxidation of amnumiii 

( ' , into nitric a<’id (the n»verat* of the instance 

already quoUnl) should be illustrated. l\*r* 

' i hapa the simplest ex}»eviinent f<‘r tliis purpose 

, I \ is by the * contact action ’ of a spiral of 

( *. I ‘ ] platiiuuu wire suspended just abovts the 

sui*race. .if some jimmonia solution in n flask tu* 
beaker t dj:. ‘‘ItV}. Notice the Rltcruftte heat in )l‘ 
j;„j aiid c udinjr of the wir.*, and the white futne'^ 

of amiuonic nitrile risiri}^ from the liquid. 
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LECTURE VI. 

Tiik doctriiH' of atomicity may In* In order 

lo fill up a j^ap in the chain of evidt niM*, it will he well to 
allude* to the const itntkm of marsli-^j^us whielu tlioiigh or- 
gfunt\ is sulliciently near the boundary-line to he introdtiet‘d 
without doing violence to the order laid down. Show ajar 
of mnrsh-gas and demonstrate its pro|H‘rtit!S ; it is colour- 
less, transparent, tasteless, inodorons, not apj)reeiahly harm- 
ful wh(*n mixed with air in small tjunntitioK, though at 1 1 or 
1*2 per cent, (exploding proportions) it gives a hoadjiche ; 
it is lighter than air, inflammable, and a iu>n-supporter of 
<M»mbu.stion. i)(‘CompoHe a measured volume* hy the electric 
spark. Double its measure of hydrogmi is f)n)duced, with 
a dt^posii of solid carbon, mostly on the negative electrode ; 
hut the current ncotls occasional revt*rsing, to prevent the 
formation of a bridge of carl^on bt'twetm the poles. The 
volume of carbon is unknown ; it is probably one-fonrtli 
that of the hydn)gen f)roduetHl. An element of uncertainty 
in this demonsiratkm is tlio formation of a small quantity 
of awtylene, frt>m partial decomposition of some of the 
marsh-gas. This increases the luminosity of hydrogen, as 
may bo aet'n when it i.s ignited, and should l>c explained. 
(It would Ih' a most valuable impnweiuent if coal-gas could 
have its marsh-gas converted into acetylene, so as to increase 
its illuminating }Knver.) To render it more evident that 
marsh-gas contains carbon, mix in a tall glass jar two 
volumes of chlorine with one volume of luarsh-gas (not in 
sunlight), and ignite. Fumes of hvdrochlonc acid rise in 
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the air, and a densi* deposit of carl>on rt^maius on the sides 
of the jar, a little being thrown ont as swt. 

Now tlie cubes l)efore mentioniHl may l>e employed to 
illustrate to students in a connect€Hi form the facts denottnl 
by the following 8yml>ols : — 

Hci == H +C1 |h;ci| =:= \a \ + | nj 

H,0 = + O !H,;oj== loj 4- !H ! |H| 

H3N == ll, 4- N !H3 ;n|=. |Ni 4- 1 Ifi |H I |H! 

ii,c = H, -f c I H,;r| = j(’j 4- ! 11 1 1 H i I Hi |H! 

The? various replacctibilitv of hydrogen in these <‘oni- 
pounds shi)nld be clearly enftnvt'd, ai ml illustrated by glyj>(ie 
symbols. Tli(‘ hydrogtui in hydrochloric acid rnuHi lu* driven 
out all at once or not at nil — thus; H — (M forms K — Cl. 
That of water H — C) — H may go oul in two halves, forming 
with potassium K — () — H and K — 0 — K sueeessivcly, 
J1 H 

Fwin niaitionia N the may lx ■ alwlniclctl lu 

I 

H 

K II K K K K 

\ y \ y y 

three instabnenis, thus : N N N 

i I 

II H K 

II 

} 

! 

The hydrogen in marsh-gas 11 — (' — H cannot Ik? similarly 

i 

H 

rephu'ed by a metal, but cbloriric will al>stnici it by four 

Cl 

I 

successive steps to fonn cbluride of methyl H — C — H, chlo- 


H 
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ride of methylene Cl— C — chloroform Cl — C — Cl, and 

1 i 

Cl 


chloride of carbon Cl — C — CL Thus wo have the types of 

I 

Cl 

four classes of elements — monads, H' and Cl' ; dyads, O'' ; 
triads, N"' ; and tetrads, C*’'. 

It will be necessary to show also the pentadic nature of 
nitrogen. Streams of ammonia and hydrochloric acid gases, 
separate, are invisible, or nearly so. Allowed to mix, they 
unite to form a dense white cloud of sal-ammoniac. Show 
this more perfectly by mixing equal volumes of these gases 
over tho mercury-trough (89). They unite with heat and 
condensation on the sides of tho jar, which obscures the rise 
of the mercury ; but the jar can be closed with a glass plate 
and invertcKl, to show that the mercury has really filled it. 
Explain to students the nature of the 
H H 

N ./ 

conipouml ioriued 11 — N — H, and 
Cl 

how' it illustrates tho quinquivalence 
of nitrogen. 

Describe its common 
forms and principal sources. Illus- 
Irate its analogy to oxygen, shown by 
the combustion of metals in its vapour 
(hg. 40) and specially by the be- 
haviour of certain sulphides on heating, and exemplified by 
the equations : — 

SMnO^ =. Mn 304 -f 
SFeSa = Fe^S^ + 
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Describe the dimorphism of snlphur, proved by its crystiib 
Hsing in one form from solution (fig. 41) and in another from 
fusion (fig. 42) : this last may be shown by fusing in a beaker, 
pieroingtwo holes in the solidified crnst as it cools, and pour- 
ing out the liquid from the interior. Show the effect of heat 
on sulphur (91 ) . Heat gently and cautiously. Fuse first to 
a thin mobile liquid, of slight viscosity as it approaches its 
fusion-point. Increasing the heat, observe a thickening and 
darkening in colour, till the tube or flask may be inverted 
without spilling the eontontl. Heat further to boiling, 
point, the liquidity increases and viscosity dccnrases. On 
now pouring into water the plastic variety is olitained ( 90 ). 



Fi«. 41. Fin. 42. 


A blotter mode is to distil from a retort into cold water. 
Mention the gradual return of sulfihur from the plastic to 
its ordinary condition. Sj^ecinnms of the plastic variety 
made during a lesson may be distributed among students, 
to observe this fact at leisure and at home. 

Sulphuretted Hifdrofjen. — Pn‘pare from ferrous sulphide 
and dilute sulphuric acid, and collect in the usual way ( 92 ). 
Bum the gas from a jet, and hold near the flame a glass rod 
dipped in ammonia ( 93 ), to prove the formation of sulphur- 
ous acid gas. Show its acidity by wet litmus- pap<?r ( 94 ), 
Show its decomposition by sulphurous anhydride, applying 
two jars mouth to month, putting the lighter gas (SH^) 
uppermost, then invert ( 95 ). Moisture is necessary, and a 
little pentathionic acid is formed. Show its decomfiosition 
similarly by chlorine — a little dichloridc of sulphur is 
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formed here (96). A most important experiment (6g. 43) 
is to jiasH the gas tlirougli solutions of pure cupric sulphate, 
arseniouH anhydride, tartar emetic, plumbic acetate, and 
'/incic sulphate free from iron (97). Explain the production 



Vvi. 




oi pret^pitatcs— brown, yellow, ovauge, bltick, and white — 
and point out the importance of this reaction in analysis. 
Give a i’lassificaiioti of the principal metals bascni upon 
their prccipitability by aulpliurettetl hydi*ogen, and urge 
upon students the necessity of fully mastering it. 

Suiphurom Anhydride . — Prepare by the action of copper 
or mercury on sulphuric acid ; wash and dry by jwissing 
through sulphurit! acid, and collwt by displacement (98). 
Show acid properties with litmus-paper moistened (99). 
Liquefy by condensing in a tapixHl U-tube fitted in an in- 
veKed deflagrating jar jwicked with ictr and salt ( 100 ). 
Draw olf the liquid sulphurou.s anhytlride in a test^tub*. 
Show the dejKJsition of hoar-frost outside the tubes, and the 
hoiliiig of the liquid by the warmth of the fingers. Show that 
water freezes on being mixed with the liqnid anhydride — 
unless, indeed, a solid hydrate is produced. It may be 
l)etter, perhaps, to dip a small teaUtube containing water 
into the liquid, so that the rapid evaporation from the out- 
side may freeze the water inside. Demonstrate the flame- 
extinguishing power of the gas ( 101 ), and its solubility in 
water in the usual way (102). Show its bleaching powers 
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by pouring a solution into infusion of roses ; show that ilu* 
colour is restored on jwidition of a stronger acid, as sulphuric 
or hydrochloric (103). The bhmehing of sulphurous an- 
hydride is thus markedly distinct from that of chlorine. 

Sulphurous anhydride i.s easily oxidised to sulphuric 
acid ; it is difficult, indeed, to get a solution of it without 
a trace of tlie higher acid. This fact may be illustrated : 

1. By leaving a solution of sulphurous acid exjHwcd to air. 

2. By adding nitric acid to a similar solution, ami warming 
(104). 11. By adtling to a jar of sulphurous aiihydriih* gas a 
few drops of strong hydroxyl and agitating (106). Demon, 
stratc the identity of these products hy precipitating with 
baric chloride. 

It is remarkable how students at tlio May examination, 
1870, niisunderstot»d the first questitm in the )«iper : * You 
have given to yon some sulphur, water, ainl nitri(! mud : 
describe how you would make sulphuric acid from thes*' 
raat<?rial8?' The question obviously n‘leri'od to the oxi- 
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of sulphurous anhydride by means of nitric acid. 
Y"et the majority of the carnlidates who attempted it gave a 
long account of the manufacture of sulphuric acid, with all 
the details which they could recollect of the h^den cham- 
bers, dbc. This gives a striking illustration of the necessity 
of intelligent;^ as well as information to enable a student to 
come out well in an examination. Not only ability to annwer 
a question, but to it first, is wanted. 

Bnlphurie Acid . — Sulphur only foms one oxide directly 
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— namely, sulphurous anhydride ; but it can be made to 
take up another atom of oxygen, and form sulphuric 
anhydride. This combination can be effected (fig. 44) 
by passing a mixture of two volumes sulphurous anhy- 
dride and (>n«j volume oxygen, both well dried, over heated 
spongy platinum or platinised asbestos (105). A low 
ml lieat- is necessary. A table illustration (fig. 45) of the 
niannfactnre <»f sulphuric acid should be, given (107), 



The ‘ Ivadeu i hanilM'r’ is represented by a large flask, 
into which are led stmuus of oxygtuv tu* air from a gjis- 
holder, and sulphurous anhydride, nitric oxide, ami siesiin, 
from small fiasks in which they are geuemted. Keep 
the Knj)ply of nioishiiv small, so as to ju'ocuiv, it pos.sible, 

rS03(N02) 

a few white crystals < () : then increase the 

U0,(N0,) 

nioistuiH.' and sectm' their decompo.sition with reproduction 
of much nitric trioxide. The experiment requires cai'e, 
and should be well practist*d lieforehand. Show' the affinity 
of sulphuric acid for water by placing a small quantity of 
strong syrup in a large Ix'aker on a j)late, and adding to it, 
suddenly, an equal volume of the strong acid. Sudden 
dehydration leaves a huge mass of carlion (lOS). 
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Hyposuiphmnts Acid.—kdd hydrochloric or sulphunc 
acid to a solution of sodic hyjK)Siilphite, and show, after a 
brief interval, the deposition of sulphur and evolution oi 
sulphurous anliydride (109). Infer from this, lirst, the 
isolation ; and, secondly, the great instability of hypo- 
sulphurous aci<L 

The experiments employed to illustrate this courwif are 
those which are detailed in the Syllabus of tin* I)e|mrt- 
imuit,* as absolutely necessary for stiKh^nts to see. The 
whole of them should he made, amplified, and nniliipli(‘d, 
if possible, before an elenientaiy class. Xom* ef th(*m can 
be omitted with safety. In addition, tcachei’s might tr» 
striv(‘ to a])j)rociate tlu* im[«>rtaiu‘c of rcijuiring their 
pupils to take notes during elas-s h'SseiiK, ainl (»f theinselv<\v 
looking over and revising these no((‘s as frcfiuently as 
possible. Tiji.s is a most valuable adjunct to tcjurhing, A 
pupil who is made to take notes rud only has tin* lenturt' 
or lesson nuich mori? firmly fixed in his mind, Inil he 
acquires the habit <»f expressing his ideas in writing, and 
will, i>n thi.s account alone, be much nnire likrly to work 
a sati^faetory paper in the annual examination. Pupils 
might also to be encouraged, if not reipiiriMl, to write out 
at home an abstract of the lessons from tl»e notes they 
have taken while the lessons were in |>rogre«s. Questions 
should also be given out at the close of a lesson, and the 
answers when brought in exaiJiim?d hy the ti acher. This 
of course involves some tn>uble, but an earn(*st teiicher 
w ill not be content to confine himstdf to giving an hour’s 
lesson, and then letting his pupils take their chance cd 
picking up such inforraation as tiny reijuitt*. Tine mure a 
teacher can enter into the individual work and wants of 
hLs students the l>etter it will be Imth for them and for 
himself. 


See Appendix. 
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HOW TO TEACH CHEMI»TBT. 


Atldemla to Lecture VI, 

The important modern doctrine of atomicity has not been for- 
mally mentioned till nearly the end of this course, hut there are 
many occasions when in passing a brief allusion may be made to 
it. By deferring its full consideration until late the advantage is 
gained of having furnished the student with a multitude of facts 
which may be employed in illustration by a simple effort of 
memory. 'J’he teacher will find it well for this part of his subject 
to study carefully IlofmamiV ^ Modem Chemistry^ throughout^ 
and Chapter III. of Franklaud’s ‘Lecture Notes' — not necessarily 
to lay their substance before his students, but to provide himself 
with a number of useful helps in explaining wlmt is undoubtedly 
a difficult subject to beginners. In all explanations of this hind 
copious use should ho made of the black-board and of symbols. 
With regard to symbols, though it is a convenience for all the 
numbers (»f a class to use one system, the matter is not of such 
vital importance as to render it undesirable to use modifications 
occasionally. In fact, a variety of symbols may sometimes be 
really valuable, e.//. in describing sulphuric acid as the result of 
the peroxidation of sulphuretted hydrogen, the empirical formula 
may widl be employed, while the rational formulte 
and SO.jHoy or may express its preparation from sul- 

phuric anhydride and water, and from sulphurous anhydride and 
hydmxyl, respectively. 

It is advisable also not to be over careful in restricting the 
infonuation given to a class too clo.sely to the Syllabus in the 
1 tirectory. Bromine and iodine, for instance, are not included in 
t he elementary course, but it would be a serious omission in a 
teacher to neglect giving a brief account of the analogies which 
these elements present to iodine. Silicon, again, might be briedy 
treated in connection with the allotropic modifications of its con- 
geners, boron and carbon. Treatment of this kind gives a com- 
pleter character to science-teaching than a too slavisli adherence 
to the prescribed course would result in. 

Another point which is liable to be omitted is, to teach students 
something of the common chemicals in every-day use. Strictly 
speaking, these come in at the advanced stage, under their respec- 
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live motali^* But corumtm oxides^ bydmtas, chlorideiJ* 
and (^ulphatfes are properly meutioned under their reapeetire non* 
metallic constituents. Their trivial names, systemntic names, 
and formulae should be given to studeuta, and specimens should 
be shown. If the pupils can be persuaded to try a few simple 
experiments wdth them — such as examining them on rhareoa} 
before the blowpipe flame — it will bt^ a g(H>d preparation for the 
advanced stage, which perhaps is in itself rather tm> heavy a 
course for a idnglo year. The following list may Ur useful. W’ater 
of crystallisation is pur|K>fiely omitted from th<t fornmhe. 


Syxtcfnuitic NAm«w 

'I riviitl Su-iurm 

rcmmUe 

StMiic h^’drate 

(txuira and fif/dratea. 
Caustic hckIu 

Nallo 

OHNa 

IViT.'t^isu* hydrate 

CHUKlii* potash 

Kilo 

OilK 

Ammouii* hytlmte 

la(ptor aiiiinotrue 

Amlto 

Otl\)i 

(.'alcio oxid<' 

Cnustie or <pnek>!ime 

Cfi(» 

1 at » 

(?ulou* hydrate 

.slaek<d liiac 

ChU^I ),. 

Calio 

Ihirio oxide 

liaryfa 

Hat » 

BaO ' 

Stiv)nfi*’ oxidr 

St iHintla 

SHi 

8r«» 

Magtifsic oxide 

MajCnenia 

:Mg»> 

Xgo 

Ziijfic oxide 

/iino while, flowers of 

/n( t 

Znft 

Merc'uric oxidf' 

Aiiw, philosopher's 

W^'ol 

fled }>r<*eipitHte 

HgO 

HgO 

Mereunais t>xide 

‘ Hh«A‘k wash ’ 

Hg,<» 

'Hf-/ 

l^lumbie oxide 

Litliuiv*'. massicot 

PhO 

FhO 

Tri plmnhio t et roxide 

lied lead, niiiiium 

PIV>4 

PbPb 

Stannic oxidr 

Pnt.ty-pjMder 

Snt »,j, 

8bO, 

Ahiminic oxide 

Alumina, emery 

AI/», 

■A1"V 

Ar»eniou« Oxide 

White arM'Ojc 

Ah J », 

AsJ>, 

IVrric oxi<le 

(.Ailcothar, jeweller's 



(’hrtimic oxide 

rinige, cr»jous-{>owtler. 
haematite 

‘ IVnnaneut green 

( Vjt », 

Cr'y 

MangHtiic dioxide 

Pyrolusife, blac'k oxhle 

Mnr», 

Mn(f, 

iikidlc chloride 

of tnangan<*se 

CAJoridfls. 

Common aah, rock-salt. 

NaCi 

NaCJ 

Pofassic chloride 

«tal gem 

.Sylvjjae, Stansfurth salt 

KCI 

KCI 

Ammotiic chloride 

Sal -ammoniac 

AmCl 

AmCl 

Argeotic chloride 

Horn-sUrer 

Agt‘l 

Ag('l 

Calcic chlwide 



CaClj 
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Ryrtternatic Num*.* Trivial Name Formula) 


ChlorideM — conthiuod. 


Ziwk* t.hlorklo 

fluid 

ZuCL, 

ZnClj 

Mercuric chlorido 

Corrwivti HiihliniaU) 


HgCl. 

]VI»‘irimms cliloridt* 

(lukmiol 


Hg'Xl, 

Plurid>it* (‘hlonde 

Horii'lttml 

VhCL 

PbCI, 

NtniJiionH chloridi* 

'Pin HaJtH 

SnCL 

8n"CI., 

Aluininio Hilorido 

‘ rhlomlum * 

M.,ii 


J*Vrri»* cliloridr 

r«<»d in ‘ tinotun* of 

VvXl, 


Anti luonious cidtiridc 

Huttei* of antinomv 

(Hhcr (.'ft fori an Stiff. <<. 


SbCl, 

Sixlif ]iyj)o?*lil*»ril<t i 

J’kiu d(‘ Jov<‘U*' 

Naori 

OClNa 

hyjMX’liloriti'; 

1 1 »« rrsu |U ♦*' h i 1 i « i 11 f V-ct - 
fluid 

KOCl 

oriK 

<*hlon>-liyfH>- 

chlorito 

nit'ttohiiijf-jM.Jwdt'r 

rucioci 

CaClOCi 

J'ota.sHic chlomto 


K(MO, 

fOC 

\ rtl.*" 


Sodic nil rut t) 

Cubic nitre, Chili sult- 

NaNt\ 

HO.Nao 

J^otussic nit rut ») 

]»ctrt) 

Nitre, saltnHre, sal pru- 

KNO, 

WO.Ko 

Aminonio nitraU) 

IK'Uu, jbnilfHl Milt* 
p^’tre 

AniNC, 

Kt >i.Amo 

ArgtMilio nitnito 

Lmmr caustic 

AoN<», 

Kt>l\go 

Argmitir isulphide 

Silvir-jrlancc 

Ai:.N 

8Ag, 

Zincio Kulphidi' 

Ziuv* -white, blende 

ZnS 

ZnS'" 

(’admu* HulFliidf 

Cmlmium yellow 

i CdS 

CdS^' 

Mort'urii* sulpliidc | 

Cinnabar, vrriiiiliou 

HtfS 

Hgs- 

Plumbic Dulpbitlf < 

(Inlciui 

PUS 

PbS'^ 

HtannoU!^ stulphidc 

Tin pyrites 

SuS 

8pS" 

berroiKH «iulphiile | 


FeS 

F«S- 

I'Vrric atulpliidr 

In^n pyritcK 

' FeS, 

re**8. 

DianumioUit diMil* 

Hciiigar, rod orpimont 


A»VS 

phide 

Awcniottift aulphide 

Yellow orpixnent 

A»/>, 

Ai,S, 

Antimouious sulphidt^ ; 

Black AUttmony 

‘VUjS, 

•VS 
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Name 

Trivia! Name i 

1 __ 1 

1 Fiirmula* 

Kui|>hate 

Sul pint d<'* 

01a«l»or*p salt 

Nh.SO* 

8i ) ,Nm>., 

aulj.lmte i 

Sul polvchroa!, «;il tie 

K.Xh 

80<Ku.. 

II v<lro|>i)lii>«ic sul- 

(luubus 

Sill enixum 

KIISO, 

SoJIoKo 



BpM»m >ult 


80,Mg.>" 

<*alci»' siilphalt? 

, Alal.uM.r, frypsuin. neb*- 

< list 

8( 

liarii- sulphate 

iiite, piavit*r-t»f- l*ariH 
’ Ilnfi%’y m ar, {HTtuafiottl 

ISiiSO^ 

8( IgjIhiO*’ 

/in'MC Hulphatf- 

whit.' 

. Whtjf vitruil (»r onpj*+'pa!i. 

/mSO, 

8t ).//au*" 

(’upric Hulpluito 

lllui' vitrifl nr ro].|KTas. 

(’uS<h 

8(h( ’u(/' 


IeM<) \ 

Vh^i), 

SO.Phn" 

J'rrrivn** 

(ioiN-n vitrin! «>r <’<»}'{H ra*4 

FeSO, 

80.. rv." 

alumtnic 

I'«>ta**h ».<r cuiumnii alum 

K.AlJSii 




8/ h M..'»''‘Kos. 

SxJii' rl«iohuIphaf«j 

H V}»4»»iul|,hittj i»f hkIu, 

Na^,S^.« h 

8m »Naoj 

untiohh»r 



carlK'insite 

(’atlfomtff X, 

Uiinlla. A- .4 hi 


CoNuo„ 

Ilvilrii* h alio i.*arl( 0 - 

S<»*ouih*tl • curia iiui*' of 

Null* ’! >, 

ColIoNuo 

1U,U V 

f-arl Mtiiii te 

Noda ' 

Potu^h. {icarliialt. hiill of 

KJ’O, 

CoK4».. 

Ilvdrir our- 

tiirfur 

Sul eratuv 

K »(*(), 

CoH4>Ko 

bonufv 


Scswquica Hamate of titn- 


oarli^mato 

moiiia, »*m«lliiig wilts 

Projit«4i> sullw 

So.«’nU4*<l ' ma{rii#‘*fiu' 

M«(’0. 

COMjro^ 

('■jiloio o;irl«»U;it«* 

i'hulk, marble, lime- 

(VO, 

C( K’u*/^ 

Zineic rurbouato 

Htoii*.-. <*Hh***j»ur 
< Vilamiim 

ZriCO, 

COZno"’ 

Pliiml'!*’ 

' White lead ore 

Phi 4 >, 

Copla/* 

I’ew'vuf Nirl?«)nafe 

Spit hie in>n or*- 

Pel'O, 

C(J}’V/' 

Cuphc carU.^nut* 

, Maiuehite 

; (;u(;(». 

COCuo'^ 

.‘j-OKiio dilamitr* 

ISorafe, 

\ liorftx, tioca! 

1 
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APPENDIX. 


I. SvrxMiiN ov Ki.KMFNT\in (’urnKi' in* iNtnuusic (''nr.Mi«Titr* 
(From the * Se’ieut't ) 

Tupil-^ prow'iitiiif; for •*xniuinati<m will W rx|>t‘ct<*<i 

to poH.Ht-Hft H ot tho followiniT 

iN’Hriitiou of choniintry. Siiiipk* and cotnpound timtti*r. IMf- 
f4*r»*nt of I'honiicnl action. Comhinini^ wcijrlitw Voluina 

<d cticmiral nomenclature Svmbcdic nota- 
tion. (Iniplnc tiotatiiU). (’hefuiral ronnuhi*. (’hemical equii- 
Atoriiii'ity ot eieim nt*». Suuple and cotuptMiiid iatliciii*«. 
Dcliiiition of a compouiul radical ( ’la-j'iificatioii <»f all cltuncntH 
ifjto inetala and iion-m»'iiiU, into piMtnc and ncpitiic clcincnta. 
( ’IJH'^ificiiiion acconliiiir lo atoini<it\. 

FrcMch atid l.n^li'*l» 4*f wcijjrblH iwul nuunuren. <’on- 

^(M'aion of Kn^di.'-h French wcifflitaand ineaMuc-. The ctith 
and it-* iis**^*. 

Ihffinufvn. — It** |uc)mratioit and j>roju*rticH. 

('hhrwe , — l*n|uir»liofi of chlonuo from hydnadiJotic acid. 
\naly»i** and of h\diochl<iric acid. Fropcrtica and 

rcHCtiona of hydrtx'hloric wid. 

0.<y//ca — It*! preparation and ]»ropertie*!. Allotropic *>xynt‘« 
or ozone. Formation and reaction# of water. Fr#*|)Hration and 
properties of h)di*>\}l. f'oiiUKuind# of chlorine with oxygen ami 
hydroxyl. 

//oro».-“Ihtw it *>ccura In nature, lu allotnipic nnaiiticationa. 
ikiric anhydride. lV»nc acid#, 

CVirf«m.-**It# prejmrHiion and alloiropic form#. Vreparation 
and prop<*rtie>» of carbonic oxide and carbonic anby«lridt*- 

r 2 
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Nitroi/pn . — Its preparation and properties. Compounds of ni- 
trojifen with oxyjren and hydroxyl. Compound »>f nitrog^en witli 
hydrogen. Amaionia. Amnionic salts. 

/Sn/phur . — Its properties and allotropic inodifieations. C’om- 
pounds of sulphur with positive elements. (;*oinpounds ot sulphur 
with oxygen and hydroxyl. 


II. Extract kiiom a Ekport ry Du. Fuankt.anr. 

In comdurtion, I have tt» state that it w'ould in iny opinion he 
(It'.^irahle to call the attention of sucli sei»*n<‘e-teaehers as give 
iuHtruction in Chemist ry to the circumstance, that the tmsatis- 
faet(trv H'siilts of the examinations in the elementarv stage of 
inorg«ni<* chtenistry are obviously due ehielly to the want of 
sullieient (experimental illustrations in tlie chisses. It would be 
well t(^ bring to tlu» notice of such tencliers that the performance 
of the folh>wing experiments, at least, ought to be writiiessed by 
ev<‘ry pupil who comes tip in the (denientarv stage, and that for 
the future it will be assumed that such has been the, (‘a^e : — 

1. Ignition <d' platinum \vir<‘ and »»f magnesium wire in air, to 
show elVect of clnunical action in the second cast? ( 1 ). * 

'rransforuuttiou <»f ]i<{uids and gtises into solids anti /vVe 
HTMt by chemical m tiou o). 

.*1. Ignition of ph*\sphoni.s by rtvl-hot bar of iron placed at a 
liistance (d' several inches. 

4. Attraction of a suspended wooden rod by an electrically 
excited glass tube held at a distance of several inches (iJo). 

Ti A glass rod moisl.«m*d with concentrated sulphuric acid held 
idose to a small heap of a inixtim» of sugar and pi»tassic elih>rat»* 
lUmluces no eft'eet, but intlamea the mixture as soon a.s the rod is 
brought into actual contact with it. 

<1 An example of direct chemical union : — ('ombination of 
hydrogen and chlorine by heat (4). 

7. (^liemical di<pla<H'ment : — Vrtadpitation of copjH'r from a 
solution of cuprie sulphate by a bright plate of in>n (d). 

8. Mutual chemical exchange ; — Add solution of potassic 
iodide to solution of mea'uric chloride ( •i). 


Tht*se %iee» refer to the list of appumtus next given. 
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0. H».f-arratij^em<*nt of c^leiuento in a compound: — Coajrulatiou 
of nlbunien bv heat (2). 

IO. itejsolutit>ii of a compound into its elements, or into two 
t)r more Ichh complex compomids : — Heat mercuric oxide ami show 
oxyjren and mercurv produc»*d (.14), 

IL Klectroly.si^ of water, with deinou^tralion of properties of 
the separated gases (2 1, 4lh. 

1 2. Preparation of hydrogen by the actimi (»f sodium upon 
water (•*»). 

!•». l*repurali«>n and collection of hydrogen foun zinc and 
dilute sulphuric acid (8). 

14. Preparation and colhn'tien of hydrogen from zinc and sohi- 
tion of caustic soda (12). 

lo. liuru jar tif hydrogen mouth upwards, and another with 
the mouth downwards (oi. 

1(>. P<un* hvdr<«gen upwards from om* jar into another (o). 

17. Extinguish a burning taper in hydrogen (o>. 

Is. Preparation and collection of chiorim,' lnuu tnanganic n\i<le 
and hulro< iiioric acid ( l(t, II), 

IP. llleatdi carmine-paper in the gas(.’i). 

2t.). Kiectrolysis ttf sidution of h\drochl'>ric ac id, (‘ollect gases 
separately, and sh<»w' their proptutien (H, 21, 4P). 

21. P»urn jet of hydr<*gen in chlorine (P, 

22, Prepare hydrochh»ric acid gas from conimon salt and sul- 
phuric acid. C'ollvet over mercury or by diKplacemcni of air (P), 
11 ). 

2.1, Show by test-papers alkalinity of solution of potash, acidity 
of solution of hydrochloric acid, and mmtrality of Ihpiitl produceil 
by the mixture of these solution*# in Miitablo proportions (1), 

24. Extinguish taper in hydrochloric acid g'a.s (•'5). 

2o. .Show solubility of hydrochloric acid gas in water (7). 

20. Prepart.* and collect oxygen fnun mt‘rcuric oxide, potassic 
chlorate, a mixture of potassic chlorate and mangamc oxid<‘, and 
bv the tmnsmisidon of chlorine and steam through a red-hot tube 
(P, 10, 1 1, 3o, 10. 34, 45, 48 j. 

27. Iluni a taf*er in oxygon, and show re-kindltng from glow- 
ing wick (0). 

28. Coinhuaiion of ph<»sphoruj| in oxygen f 14, 39). 

2fb Combustion of bundle of steel wire in stream of oxygen 

(30, 46). 
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4*^0. Explomon of mixtiiii* (tf oxygen and hydrogen (22). 

iU. Show formation of water from jet of hydrogen burning in 
oxygen (H, iQ). 

Show neuirnl reaction of w^ater. 

33. Show formation of <»zoiie by action of moist phosphoruM 
upon air. Show action of ozonised air upon paper imbued with 
hlarcli and potaasic itnlide (23), 

3-1, Preparation of hydroxyl by passing a stream of carbonic 
anhydride through water cmitaining baric peroxide in suspension 
(3, K, U), 

33. Heat liydroxyl in test-tube, and show evolution of oxygen 

(2). 

3t). Add argentic oxide to hydroxyl, and show priKluction of 
r>xygen and metnllie silver (2). 

3r. Wash wdth solution (»f hydroxyl paper discoloured with 
plumbic sulphide (41 ). 

3H. Wash with solution of hydroxyl white oil-paiut similarly 
discoloured (41 ), 

3t». I’repnre chloric peroxide ((3,/!^) in test-tube, and explode 
it with a hot wire (2 ). 

40. Add stilpUuric acid to a mixture of phosphorus and potassic 
chlorate under water (5, 24). 

41. iVepare hypochlorous achl hy agitating cldorine with mer- 
curic (^xide and water ( 10, 11, 10). 

42. 'fransmit current of chlorine through boiling milk of lime, 
add potassic chloride to tilteri*d prcaluct, and then cry.stailise out 
potiisaic chlomte (17), 

43. Preparation of boric a(‘id from borax rjuI hydrochloric 
acid (17). 

44. blame of R .soluiitm of biwic acid in alcohol (.33). 

43. Preparation of chniwal from woml in test-tube (2). 

4tl, Show crust upon lime-wiiter after exp<.>sure to air 
(28). 

47. Add hydrochloric acid to pieces of old mortar, and show 
that carbonic anhydride is evolved (3), 

48. Primthe through Uine-water (3). 

41>. Ihiru candle in glass evlinder tilled with air, and show 
formation of carbonic anhydride by lime-water (!»)• 

Prepare and collect c'arbonic anhydride from limestone, 
chalk, or marble, and hydnvbloric acid (8, l)> 
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/51. Show that 8oap*>bubbles tilled with air tioat on carbonic 
anhydride i‘J7), 

7)'J. Pour solution of litmus into jar of carbonic anhydride (o). 
Immerse lighted taper in jar of carbonic anhydride (5). 

o4. Pass carbonic anhydride thrmigh an iron tub«^ tilled with 
charcoal and heated to redness. Show the intiammability of the 
carbonic oxide produced (o, 8, Ih o4), 

oo. Prepare and collwt cnrljonic oxide from a mixture of 
oxalic acid and sulphuri<’ acid (1, 10, 11 ). 

o(>. Prepare and collect carbonic oxide from a mixturt* of sul- 
phuric acid and yelhov pnissiate of potash (II). 

57. Intiame jar of carbonic oxitle, and immerse lijjhted taper 
in the gas (5). 

58. Agitate lime-water with carbonic oxide, and show that 
Hi) turbidity is prodmed ; intiaim* the gas, agitate again, and 
denumstrate the production of carhonic anhydikbs (5j. 

5J». I’lH’pnre nitrogen by burning ph<>sphorus in atmospheric 
air .‘17 ). 

00. Prepare and collect uilrt»gen from ammoiiic nitrite, or from 
H mixtJire of pota'if'ie nitrite and ammonie chloriiie (15), 

<U. IVepHiv and collect nitrogen by passing chlorine into 
strong solution of ammonia ( 10, 1 1, L'O). 

Olb Irnmerw* a hurtling taja^r in nitrogen (5;. 

0.5. Pass rlectiic sparks through air in a small vesstd contain- 
ing litmus-paper (52, 45b 

(>4. Show neutrality of nitropfu. 

(15, iVepare and collect nitrous oxide from amnionic nitrate. 
Show production of ammonie nitrate from nitric acid and atnuionic 
carbonate ( .5, 1 5 ), 

(UJ, Show that fwbly bunting sulphur i« extinguished in 
nitrous oxide, and that sulphur strongly ignited rtmtinuea to 
burn in the gaa with augmented brilliancy (14, 59). 

<»7. limnerae a burning lajarr in nitrous oxide (5). 

(18. Prepare and collect nitric oxide from copper and nitric 
acid (8, 9 ). 

IIP. Add nitric oxide to air in ajar over water (d, 7 ). 

70. Immerse a burning ta|)er in nitric oxide (5). 

71. Show that feebly bunring phosphorus is extinguished in 
nitric oxide, and that atrongly ignited phospborua bums in it 
brilliantly (14, 59 ). 
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72. Preparation of nitrous anhydride from nitric acid and 
arsenious anhydride { 

73. Show th<i reducinjr action of nitrous acid by adding a 
HoUition of potaMMic permanganate to an acidified solution of a 
nitrite (.3). 

74. Sin)w the oxidising action »>f nitrous acid by adding a 
solution «»f a nitrite to acidulnted water tinted with niagentM (3). 

7o, Pre|>ftre nitric peroxide by mixing nitric oxide and 

oxyg‘‘n (3). 

7({, I 'repare nitric arid from potassic nitnite and sulphuric 
acid ( 13>, IM). 

77. Prepare nitric acid by the direct combination of nitric 
peroxide and hydroxyl (5). 

7H. I'onr nitri<* acid upon copp.-r clipping.^ 

70. Pelhigrate a mixture of nitre and charcoal ( lo ). 

80. Add strcmg nitric iwid to gold-leaf (3). 

81. Add strong hydrtxdilorio acid to gold-leaf (3). 

82. .Mix the two hist-named Ihjuids t<»gether and show that 
the gold-leuf then dissolvi^s (.3), 

S3. Prepare gnH*>ou.M ammonia from a mixture of nmmonic 
chloriih* and nlacketl Umo. Collect over mercury or by displacr;- 
meiit < lo ), 

84. Demonstrate solubility of ammonia in water ^7). 

87^. liumorse a taper in gaseous ammonia (5). 

H3, Hum a stream of gaseous atniiionia at the end of a hot 
tube ( lo. 4o ), 

87. Show alkalinity of ammonia. 

88. DtMuonstrate volatility of ammonio chloride t38). 

8t>. Show production of atuinonic chloride from gaseous am- 
monia and hydrochloric acid gas (o). 

HO. Prepare plastic sulphur ( 17, 18 1. 

HI, Mtdt sulphur in test-tube and show changes as the tem- 
perature increases ( 1 ), 

02. Prepare and wlUojt sulphur<‘tte<l hydrogen from ferrous 
sulphide and dilute sulphuric add (8^ H)< 

03. Hum jet of sulphuretted hydrogen, and hold over tho 
dame a glass rtnl moistened with ammonia. 

Show acidity of sulphuretted hydrogen (oK 
Decompose aulphuretted hydrogen by sulphurous anhy- 
dride (5), 
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tH). Decompose sulphuretted hydrogen by chjoriue 

07. Pass sulphuretted hydrogen gjis through mi aqueous solu- 
tion of each of the follo^ving suhstanees : — Arsenious a<*id, niprie 
sulphate, plumbic acetate, tartar-emeiic, ami zineic sulphate (*JJh. 

08. Ihvpare sulphurous anhydride by the action of coppt r vipon 
sulphuric acid. (Wiled over nieriMiry or by displacement ( 10, 11 ). 

00. Show action of sulphurous anhydride cm litmus-paper {•*»). 

1(X). Condense sulphurous anhydride in glass tube imnuused 
in a niixtui*e of snow and salt 1 10, 1 1, 00). 

101. Innnerse taper in Mulpbuneis nnhydriih^ (o). 

lOlJ. Demonstrate Sidubilitv of snlpliurous uiib\dride in \%Mter 

100. Bleach infusion of mse^lea^c*^ by snlphiimiH acid, ami 
then restore the colour hv addition of dilutf Milploiric acid 

104. (’(»nvert sulphurous aci<! into sulpliuri** acid hv -l. Bx- 
po,sing its aque<jus sedation !(► the air; and, L*, hy heating it> 
aqueotis solution with nitrie arid 1 1.‘*. ). 

lOo. Demonstrate, the formation of sulphuric anhydride by 
passing sulphurous anhydride and ♦•xygen .»\er ignited spongy 
platinum ( 10, 1 1 . 01, Jl<»). 

100, Show the formation of sulphuric a< id by the <iircct union 
of suljdmrous anhydride and hydn^xyl (oi. 

107. Prepare sulphuric acid by mixing sulplninufs anhydride, 
oxygen or air. nitric pero.xide, ami steam, in a fhi!*k \ 1-, 10, ♦’<>). 

108. Add one volume of coneentralHl sul])huric acid to two 
volumes of strong syrup of white sugar placed m a capHcioiis 
vessel < 17 ). 

lOJi. Demonstrate the spontaneous iiccomposition office hypo- 
sulphurous acid, by adding dilute sulphuric acid to a solution of 
mHlic hyposulphite lo). 


According to § XI.»\’. of the Directory special extra paymenta 
are made on account of students vrlm slum' a goswl kmmdedge of 
experimental ebemistn' or hd^oratory practice. 'This knowhrdge is 
at present tested by questir»ns «et with the ordinary - 
paper in May. In the elementary stiig*'* the course of 
inatniction to whi<*h the questions ar** ronlined is the preparation 
of the elements and etmipounda above enumerated, and the 
of experimentally demonatrating their properties. These 
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tioiiB nre^ as much as possible, so framed as to prevent answers 
btdufif given by pupils who have obtained their information merely 
from books and oral instruction. 


in. List of AppAiuTrs for Tkachin'o Inorganic 
C H EM ISTtl Y,-~ Ei.HMENTA R Y StA <iE. 

ixet con'CitjHmdirif/ ivith ihitt lid in on pxhihitiun in the ISottth 
KetmngUm Mmemn . ) 

1 . Jtwwm 2iuf*ncr, with JRone . — For burning a mixture of coal- 
gas and air, the latter being admitted through tlie small holes at 
foot. The roH«» is uw^d for gently heating a glasvs or porcelain 
vessel, as in Kxp. and ttl ; without the rose, a long, narrow, 
intensely hot tlanie is pioduced, suitable for ignition, as in Kxp. 1, 
but not for dirtntt appliriition to gdass or porcelain %’essels. 

.1 Jhz4‘tt Tvst-tuben. — (Kxp. 4'>.) — I'or expo- 

sing various subslnncea to a im>d4‘rate degree of bent. 

d. Thrre Ted-‘vloAM A on Feet. — ( Kxp, 7, 8, *14, 47, 4r^, (s*), 

7.1, 74, 7^^, SO, 81, H*2f lOd, 100.) — For showing the ellect of mix- 
ing various solutions. 

4. 'Are Small Strong Cglhftlern^ 0 in, x ^ m, — For showing 
the formation of hydrochloric acid (Kvp. 0). One is tilled with 
hydrogen, the other with chlorine, both being clo-ed with glass 
discs; they are then placed mouth to mouth, chlorine upja*rmo.Ht, 
the discs withdrawn, the gast's alloweti to mix perfectly, and the 
jars separated, when the applicati<ni of a tlanie to the mouth of 
each cylinder causes an explosion, with production of hydrtvhloric 
acid, 

5, Two ("ylimlers on Fert^ 1:? in, x 1 in, — (Kxp. 2, 12, lo, 
Kb 17, lit, 24 40, 7)2, r>:\ r>4. 7,7, .58, ti2, (J7, 70, 77>, 77, 85, 81b 04, 
07), iHl, 00, 101, 102, 100.) — For demonstrating the properties of 
gases. 

0. Ttro Cglimiern im Fed, Jo in, x 2 i>i. — (E.vp. 21, 27, 40, 
tiO.)— For similar purp^^ses. 

7, .4 fV//#«fifer cm Fmd^ JKl tVi. x S in. — (Exp, 25, 00, 84.) — For 
demonstrating the solubility of certain gases in water. The 
cylinder must be filled with dry gas and closed with a stout glass 
plate, gras|>t^ firmly, and the mouth dipped into water, the plate 
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beiofi^ slid off so as to allow a very Kinall jet of water to eater tbe 
cylinder ns the absoi^ption proceeds. 

8. TwtMiecked IVtndff 's UoUle^ JitUtl mth ThiMh FunnrI and 
Delh'enf Tulte , — For the prepnrathm (»f irases not requiring' the 
application of heat, as hydrogen, carbonic anhydride, nitric oxide, 
and sulphuretted hydrogen. ( Kxp. l*‘t, .*4, oO, od, t?8, Iti*. > Tin* 
tube of the funnel must dip int4> the liquid in the bottle. 

lb Twih-nvvhed Wotdf'fi Jtottlvn, fitteii ttp rM If for 

(imfH . — For freeing gases from tmces of the acids usimI 
in their preparation, by pasMiig lln ui throtigh water or iilkalitm 
solutions. The inlet tube should just 4lip beneath the surtace t)f 
the liquid. Uy placing strong su)phuri<‘ acid instt^ad t>f water in 
thest? bottles a!iy gas passt'd through will he freeil from moisture. 
( Kxp. ;4, oO, o4. <5^, Ul?). 

10. Thrtr'-nvvked Jf'oidJJ'^jt Uuttlvfi fdUd up an 

with Tuhv m Safety 7Wa-. - (Kxp. '2'2, *J»», 41, oo, t>l, hM», 
10*'). ) — h’iU* similHrly washing very soiubh; gases, h.s livdrocldoric 
acid and ammonia. 'Die inlet and wifetv tub4*s shonhl juni dip 
beneath the surlace of the washing li<|uid, 'flu* safety lube per* 
mits of the entrance «d* air, in east* of any running bm*k of water 
ihrougii Hhs(*rption of gas, and si» restores the equilibiium of 
pres^ure. 

11 . Lnrye Fltmkff Jitted with Vork^ Thinth Fuunef and Jhdireiy 
Tube, — F«>r the preparation of gases fr<»m Hfpiids by the aid of 
heat. Flame slnuild not be allowtrd n* come in contact witli tlje 
glass, a piece of iron-wire gauze or a ^HlKl-bath laung* interpos«’d 
between the tiask and the sour(re of heat. ( Kxp. 2^2, 2(1, 41, 
ri\ ots, (tl, KKb 105). 

12. Smaller Fla up as No. U, ami used for similar 
purpo.Ht‘s. (Kxp. 14, KJ?), 

].*}. Small Flank Jitted with Cork and Jhlivenj Tube. — ( Ivxp. Of), 
72, 70, 104. )*— For heating siil>staiu*e‘*, generaily isdids, and col- 
b*cti ng products of decoriip^siiion. Without tha lube tliis may 
Ije used as a receiver u> condense nitric acid, in Kxp. 70. 

14. Lmye Fla^kn with If'iV/e AVt'As.-~For burning pboapborua 
in oxygen, Ac. (Kxp. 28, <Mb 71). 

15. Three Fhrrm'* Flankn^ with CorliM mtd IMivrry Tuhm . — 

{ Fltp. 20, 05, 71), ^•{, 8<i.) — For nae when the nakeil Rama must 
be applie^l to a glas« vessel. Ibdng cheap, the fracture of these 
tiasks is of slight consequence. 
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1(K Flank with Cork and Tim Tuben^ for Wushinff Gmen,-^ 
(Kxp. 4l.j — For purpowoM Mimilar to those describetl in No. J). 

Specially^ ah in K.vp. 20, for passiiiijj a throujrh hot water, so 
as to iniv it witli steam. 

17, Lartfe Jimkrr. — (Kxp. 42 , 4‘1, 00, lOH. ) ~-For use when 
hot sohitions aw required in open vesxds, nr when stil»-,tanees are 
mixed, which Viy their action evolve heal. To be lieated upon 
gauze or a sand-bath, 

IH. Itrtortn^ one lanje^ me nmnUer, — (Exp. 7(h — For use 

in diKlilluti<»n, as of nitric acid. 

10. Lartje Fimk, 1-2 tUtUonH^ with Cork and Five 'Tofe^n jteiMnini/ 
info one rmehinij jnnt through the ('ork, the remainder to the 
Centre of the Flank - To illiistmte the nuinufactmv of sulphuric 
acid : oxygen <)r air, nitric oxide, sulphurous anhydride, ainl steiun 
ladug admitted through the longer tulH^-*, and an aspirator at- 
tached to the shorter one, to niaintun a constant current. (Ivxp. 
107 ). 

20. I'wtt-neeked Hot tie fitted an Wanh^bottie, bat with wide Inlet 
Tube. (Exp. <ll.) — For decompodug ninuumia hy chlorine, A 
deposit of sal-ammoniac is formed, whicli wouM choke a narrow 
inlet tube, 

21. I’oltamefer to deconipone U%tter and colteet (he tianen 
neparotetg — (Exp. 11, 20.) — May be used also to electrolyst* 
iupieous hydrochloric acid and aininonia. The battery. No. 10, 
is employed for this purpo.-**', 

22. Hell- far u'ifh StitfM’iPvk^ and (ihtAn IV-w/ for to 

Jtoat in. (Kxp. .*10. ) - Tf> be tilled vrith a mixture of twn v<dumes 
of hydrogen and one oxygen. The gas can be tra?isf**rred by 
downwatxl prt*ssure of the jar ami <tpeii}ng the sittpcock into a 
bladder or I'olhHlion balloon, which is then exploded by contact 
with tiaine. 

2.q, Stopfwred Cylinder <m Fttof . — i Exp. .Th) - F<*r the pre- 
paration of ozone, by h*aving a piece of freshly-cut phosphorus for 
thirty or forty minutes in a slniUow layer of water at the base of 
the cylinder. The plmsphorus should ris»f. above the water, 
«o aa to be partly in contact with the air enclosed in the 
cylinder. 

24. Lmtg I'Hidie Ftmnel Tube. — (Exp. 40 .) — For conveying 
(Milphunc acid to the bottom of a glass of water, «o as to procure 
the combustion of phosphorus in contact with potassic chlorate. 
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Uf^ed also for pourinjr liquids into non-tubuhited rftorl.^ wjtliowi 
wetting the iimides of the net'lis. 

tio. GUm Ttthe nud SUk Ilubfter, — (l’2xp. 4.) — For pr«n'uu*ing 
electricity. 

20. TithulaUd — (I'xp. oO.) — riio jar. being 

clcwly jitoppered, ijj placed over a capsule, thmliug on water, c<ai- 
tuiiiing ignited phosphorus. When the phosphorus ceaM‘.s (<» hum 
the jar ia depressed, so as to equalise the level the w'ater within 
and without. The stopper la'ing then reinoxed, the rew»lual gas 
can he testtnl and shown to he nilrog* n. 

27. 'ftdtufafvd At^noriitru . — (F.\p. ol.) To he tilled with <‘ar« 
})onic anhydride through tliO tuhiiliire at ht ttojii until the gas 
overth»wa. ^'>(^nJi-huldd<‘» tilled with uir will lloat when they are 
allowed to fall into tlie gla>s \e)»M*l. 

2'^, Shdlhn' (>htsA ii/s/#." ( iCxp. 40. ) — For t‘x posing u large 
suifaee of iiiue-watcr to tin* air < f th** room wlierein a le»».-on is 
being given, to prove On* presence of carbonic anbydtitb; tloovifi. 

20, Sni\i< of liuttUs. I'or passings Slbj, llirongh 

various solutions of luetallii* couijiouud.'^ to pnnluce snlplddes. 

( Kxp. 07. t Tlie bottles should cniitaiu aqueous Holulionf' t*f 
ar'suiious anhy<lnde. cupric sulpliate, plumh-ii’ acefrit*', lartai- 
einetic, manganous chloride, imd ziin ic sulpbnto. 

24,). A Tuhv n'tth Sfoftfunkft^ hrml^ /furronntUd ht/ (ileinM 
v\iutoin Frerziny .1/7.' - 1 Jixp. 100,) l i»r llo* liqmdacOon of 
sulphurous nnhyflride by a iiiixtuo* of ice and sidV. 

MI. (.^o/uhm/oHt ‘fithe nmtnhanf ^^yonyy f'/ohnum . — < I’ivp, 
U)*1i, r., q^hrougb tiie heMO d tuls' is pu.s.s«sl a mixture of two 
volumes of Milpburous nnhydiide and one volume of oxvgeu. 
They cornbine to f»nn snlp})iiri<’ anhydride, which priMiuces dense 
white fumes when it issUos from the tuhe into moist air. 

M2- ft /(the irith two Phttitmui If'oev </ Strrom uf 

FJei'iric Sput hi ihrooyh Air. ( Fxp. <s{. j — l iaier the stiiiiulus of 
the intense heat of the spark the con-*!nmuils id ilie air in the 
glohe comhint? to form nubiy tunies of nitrons anhydride and 
nitric ]>ero\ifle, which redden iiioial litmus- pa p*‘r. 

.*>.‘1. i.'loi'k -(Kxp. 44. J — To cotilaiij an alcoholic siihi* 

tion of tsiric add, which, on ignition, hums with a charmrteristic 
green- wiged flarne. 

M4. Tithf fdr Hi'ntmy yfercurit Oj idf. — To show iia decom* 
position into mercury and o-xygen, (Kxp. 10, 20.) - The mercury 
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conden8c?8 in the bend, the ga« pasging onwards to a pneumatic 
tmu^h. 

85. Jvt from which to Ji»rn Hydrotjcn, — (Exp. 21, 81.) — To he 
att»u:1n*d by u Hexible tube to a hydrojren apparatus ( No. and, 
the p'a« beinj^ lighted, lowered into ajar of chlorine or oxygen. 

80. f innholder. — (Exp. 1(>5, 107.) — For 8t^)ring gas for 

8oiue lime, or sujkplying it in ron«iderabl« quantity when rwpiired 
for experiment. May be iHetl also as an aspirator. (Exp. 107b 

87. Porrclftiu ( I Exp. oO.) — For use with the bell- jar 

No, 20 in the preparation <»f nitrogen from atmospheric air. 

8H. Plutiimm Foil and ff 'irc. — ( Exp. — The foil serves to 

show the lixedne'is or volatility of .substances when exposed to a 
red heat ; the wire is used for preparing coloured heads with 
metallic oxides an<l fused h(»rnx. 

80. 7Ve Ih>flof/rafinf; S)mons.^{ Exp. 28, 00, 71 . ) — For showing 
the combustion of sulphur, phosphorus, j^odium, A'c. in oxygen and 
chlorine. 

40. 2\'«tlc and Mortar, -¥i\r pulverising various substances. 

41. Jirond Vaowl^hair liruAh. Exp. 87, 88.) — For brushing a 
solution of hydn>xy! over discolouiTd while paint, so as to R*8iore 
its original whiteness. 

42. Irm 7rt)fod Staadj^,- For supporting flasks, v^c. over 
lamps. 

48. 7’ftv* Retort *syowf/s.»-For a similar purp4W. 

44. huiia»ruhhrr tohing, a^sorfed,— For making connections 
bet vveen the tubes of various pieces of iipparatus, as in Exp. 54, 
whm'c Nos. 8, tl, 45, and lU an> iiwd. It may be cut into lengths 
of two or llirt'e inches for this purpose. 

45. dmf Furnmr for Dnrmot/ Cokr, tnth Iron Tnfte to pas» 
throoffh, — (ICxp. 28, 54, 8tb )--|5ir expo.ring a gas to a red heat. 

40, lihwpifw Jet — (Exp, 20.)— Fittetl to the gasholder No. 
8t), a powerful blast of oxygen may Ik" <>btained, and us«»d to show 
the buniing of a bundle of steel win*^, by allowing the jet cif gtis 
to blow though the tlaine of as»pirit-lamp. 

47. 2*nmmativ Trough, — For collecting gases ins<duble or but 
slightly soluble in water. 

48, Ponydam Tube to pns* (hntH^h Funiacf. — { Kxp. 28. )— -I'or 
use instead of the iron tube in No. 45 in eases where, as with 
chlorine, the use of iron is inadtiussible. In heating a mixture of 
steam and chlorine the tube should be packed with broken porce- 
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lain or pieces of piiniiee, ao as tt> afford as large a surface ns 
possible. 

40. Fiv€-ceU(trovi'» 11,20. )«— For elect rolv«i«g 

water, hydrochloric acid, and amnionin. l‘he full power is needed 
for this work. When used with an induction (?oil tin* mmiber of 
cells should be adapted to the size of the coil. 

o(), Indtaiion ('oil , — i Kxp. (Id. ) - For effecting the direct com* 
bination of nitrogen and oxygen hy the intense heat of the elt*ctHc 
spark. Also for deconapo.sing aim«onia-*j!us and marsh-gas by the 
same agency. A coil of the .size exhibited will w’ork wtdi with 
live cells of the battery No. 41 h 


This list of Hpparntn.H is not to Ik* considered fis 
(jomplete. It bartdy snflices for llit? pcrforniaiiee of the 
list of eX}H’riiii(?nts just given, anti the t(*aeher who r<'- 
striets himsidf to it will work iintler iliffumlties. Diipli- 
eates of most of the gla.s.s arlitde.s ought eerlaiuly to h<' 
fd>tain(‘d, and also a go<id stock of Husks, retorts, re* 
dnetion bulbs, tubing, gas jars, and similar ihitigs in con- 
stant use. Sonif pieee.s of apparattm, as the gas gentTufors 
her<‘after mentioned, ought to be kt*pt ready for n.st? at a 
moment’s notice, and a small stock of some of the gases 
may la* uHCjfully kept in lialf* gallon bottles fitted ns ga«- 
hohlcrs w'ith two tulws (like a wash-bottle) wit j» ciijis (»r 
stojH^ocks. 

Wliere analysis is ttiugbt, a Ki[»p*s sulphurated hydro* 
gen generator (fig- 4t>) should Ik? used. FiTrons sulphide in 
small lumps is plBct*d in the cent nil globe?, and jirevtuited 
from falling into the lower one by a pii-ee of sheet lead 
fitting loosely round the funnel tulw (a). I >iluU* suljdiurie or 
hydrochloric acid i» jxmred into the upper globe until it is 
full and (he liquid also occupies one luilf of the lower one. 
This can be regulated by the <Kwk fitted at d. To generate 
the gaa, open the cock, when the acid nKc?« into the middle 
g)ol>e and acts on the ferrous sulphide. To stop the ojkjf- 
stion, close the cock, w hen the pressure of the gas drives 
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back the acid, and the gas ceases to be generated. With 
a little care, this apparatus works very well. 

Another apparatus for this gas may be fitted up as 
shown in fig. 47. Without the wash-bottle c and the funnel 
in A, two or three sets may be kt^pt for the preparation of 
such gases as hydrogen and carbonic anhydride, which are 



Kio. 46. 


always in mp)isition. To pnxlnce gas, a must be higher 
tluin It ; t<» stofi the action, a i.s placed alH)V(‘ a. Two pint 
botth's can 1 h» thus fitted forhalf.a-eix)wn and a little trouble, 
and they ai’c always rcjtdy for use, 

A thinl very useful form of appanitus similar pur- 
poses is shown in fig. *141. The vessel holding the ferrous 
sulphide is calltnl an #?/>ri>Hr*f//c,and is sometimes used, j>ac*ked 
with cniUno chloride, for drying large volumes of gaaes. 

Our list of apparatus would hardly \yo sufficient wdtbout 
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an allusion to the usefulness of diagrams. A list of (he 
elements with their atomic weights, classified accoi*ding (o 
their atomicity (see Fninlchuid’s ‘ Lecture Notes/ j», 32) 
should l)e in every class- mun, and other useful tables should 
be shown frequently. These may be purchiuscd, prinUd 
upon paper, or the teacher may stencil thorn himself upon 
calico, which is far preferable, the diagrams Wing mon> per- 



manent. The c(»Ht of stencil plittes is iil>oat four s]»iHiiig« 
j>i*r alphabet, and of brushes only a few [>ei»e(*. 1 he lirush 

should W .sh(»rt and stitf, and not too full of ink. The 
following is n reci[>e for an aniline black ink vdii(?h is 
almost indelible. The gum tragacanth is dissolved by heat 
in the projx^rtioii of ptirts by weight to (KH) parts of 
water : — 

i^OLrTlOK I. 

Gum tnjriieTinih !>M>!ulion . . . 20 psn» by weight 

Hy<irochi«raU‘ of snibne . . . 

Atnmr.nic ch'oride , . , . 4 
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SOLUTION II. 

Gum traj;^acanth noJution . . ,65 parts by weight 

Potassic chlomte 3 „ 

Cupric chloride 6 ,t 

Water 26 

These solutions are mixed in equal parts a few Iiours 
LtTore use, and shaken up well. The diagrams must be 
hung up to dry for a day or two as soon as completed, and 
then w'aahed in the usual way. On no account are they to 
be folded until vvaslied, or fliey will ‘ sett off’ unpleasantly. 
If* insteuicilling a mistake is mad<\ the l(*tter can be washe‘d 
out by iinme»diate vigorous brushing with strong soap and 
watt*r, but it is h‘ss troublesome? to stitch ov(‘r tlio error 
with a piece of calieio and stimedl afre-sh. 


IV. List ok (.'iiemicu. AppAUATrs for Special 

1m POUTANT IlH STHATIONS. 

(J Mrt corrv^iMiH(Unif with thi't lint, in Unt to Svienrc Sahooln hi/ i/w 
Ihpartmeut, One is also shown in the l^'outh Kensinf/tvn 
Museum . ) 

1. Apparatus to de*compo»»e? steam by stream of electric sparks, 
± .Apparatus for gas analysis. 

t'i. Apparatus for the dotenuinatiou of vapour densities by 
(iay-Lussat's proce>‘s nnd by Dumas’ pioresj*. 

4. Apparatua for showing that hydrogen and chlorine do not 
< untract in uniting to form hydrocliloric acid. 

Apparatus for the decomposition of ammonia by spark 
eurrent, and for tlie subsequent combustion (»f the libenited 
hydwgen by cupric oxide. 

(1. Apparatus for the decomposition i>f nmrsh-gas. 

7. Apparatus for showing that by the combustion of carbon 
and sulphur in oxygen no alteration of volume takes place. 

8. Siemens* ozone apparatus, 
n. Galvanometer. 

10. Thermopile. 

IL Danieirs hygrometer. 
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12. Eudiometer to eidimate oxygen in air. 

13. l>idu»ion tube. 

14. Oxybydri»gen blowpiyn) and ga^i-bnga. 

10, Apparatus U» prepart* acetylene from hydrogen and carbon. 
!7. Twenty cells of Grove s battery. 

I'-i. Apparatus for preparing acetylene from coal-gas. 
iO. Model apparatus for coal-gas. 

20. Apparatus fi>r exporiiig e^uiil volumes of bydrogen anti 
marsh-gas to various temperatures and pressures. 


uoiKjjr; r'ni^rrn nr 

*r<JTUiOTfxit>K Axif ro., ^vVAkt 

AX!} r,tilLIAMlEST •TnkP.T 



TO TEACHERS AND STUDENTS. 


MOTTEESHEAD & CO. 

(Stakwkn Paiitk, & F. IUdkn Bkxokr, F.C.S.) 

LABORATORY FURNISHERS, 

of tho Scieuw and Art Dirpartmcnt, 

7 EXCHANGE STREET, A 10 HALF-MOON STREET, 
MANCHESTER. 

E3TAm.l.SHKt> 


Krri'LY ON THK IIKHT TKllMS, KVKHY DKHCllIPTlON OP 

CHEMICAL AND PHYSICAL APPARATUS, 

Axn 

PURE AND COMMERCIAL CHEMICALS. 

/ '/•«•<* /-M/jt/zw (tnUr» in »*<!/«<!■■ U'Uvt tyed fret to <«/»*/ 

ftndtcifit SfatiOH tn r.»>tlatn}. 

StifH'lal «)f ApimrntnH and ('ht'tnicnia nrratn^fil to n>wt the r«*rjnlrr*irti'iiti< of 
'I t w'hrtM or SmdoniM. who wHI ohj*||o bv Htat-iHiC tippr^xinuitoly tho .kuim thi j aro 
w itUiiL' to ivtul the HubjwtH tboy winh t<* UiuMtrnto or Htudy. 

•Ml tho Apimratu'^ and ChouiloaU rcii'iln**! to iiorfi.rrn tho lO!) K.xporlmoi)tj! 
■ l>r. PiUNKUVNb.- yiir»’i*/or,v. j» lo7 (ynth Hdition). 


CHEAP SETS OF INDUCTION APPARATUS. 

No. 1. A UhumkortT Ood. luutlo llattery, Kxotting fvdt for ditto, r<mr G<*i8>»U*r*>4 
Varuoin TuU**, InmiJab'*! \Vir»\ Ac ‘J.Vh. 

No. *J. Lartrr'r (N>U, Ihitili' llattery. ExcitliiK Six (}c'i«xlt!r’a Vn<*«mm Tnbtjy, 
xUt>winji IJnoTcAcciu'o of uranium Ktlass and rarlnun gaaca, 1nt*ulnt4t) W'ire*4. 
kc 40n. 

No. 3. Huiwrior lUotTukorlT and Hottlo lb*ttcry, I.«ir}r« ILdtle T'.xcStiuit J<alt 
for dltb\ Five Doutde (;<>i«hUT\ Vucoutn TnU*?i,.'ihoM Inur ftuonxM'cnrx- of 
Inpddn, Hand 'l ounihioct for |»n»«JuciriK t«a<*!<ilot’» uiar, In.Hulatcd Wire, 
*0 £i. 

No, 4. Very Mipc.rlof IlhumKorff Coil, llattery and Salt for a XTiriety *tf 

(leltwUT’a TulH'f*!, including iw>nip <»u statid.s, Hand Tourniquet, Cup for 
exploding guniniwdcr, ether. Ac £<*., 

CHEAP SETS OF GALVANIC APPARATUS. 

No, 1. A Four-ci'll tlrovcV Rattcry, with plnthunna aWut .'i* inehe* t>y ?i inches, in 
blai'k vtiKul tray, Voltoniotrr with frnwiuatfxl tuUiito show d<'comp»v«uio!i 
of water or neutral snlta, EUvtro Magnet, fine rUtinnni and Iron Wiix>^« 
for detingration, In^idatol Condm'ting Wirew, Ac. , . , £J. lon. 

If snpplUxi with Huniwn’#, liwttwi of cell* . . . £1. I 'i***. 

No. 'i. A Ten-wU Gn»T«*'» llattery. Voltameter on pidished stand with g'adaatixl 
tttbra to show deeotniMiwiuona. r«wxMfoI Klcrtro-magm't, Rrasw naekwork. 
t'arlxm ImUh'r, and Pair Carl>on Point* for ehowiiur elwrtric light. Fine 

Wire® for defiagnxtiou, InanlaUHl Condutiing Wlros^ Ac, . . £ii. Hm. 

K with lUinscuV, intuwul of 4in>ve*». cell* £4. .V». 

Thia ftrt U ftifficicnt to Utu«tr«t« all ttw primitiol phenomena of enrrent eiectricity 
in al/pcture-rtHitti. 

Clnler* tnual be occomf anied by a remittance or ref< rcnce. 



M. JACKSON, 

MANUFACTURER AND IMPORTER 


KVKIIY l»K8<'HirrioN Ml* 

SCIEIfTIFIC APPARATUS 

CHEMICALS, 

IS 0:0 STJi^i»i.ir 

Th<* Complete? Set of Apparatus atid <’!u iniealH, for p«‘r- £ k. tf. 

forming th#? lO'J Kxj>e*ri?n«<nts, w coinm<>nilo<l l>y I>r. 

FitANKi.AND in tin* ‘ S-ieouo- Ilirtviory/ paoki-d in 


lk»x, price 10 10 (» 

The S<'t. wit!) till* addition of several larp.-r ph'cr.H of 

Ajijwiratti**, price lo l.'» o 

Analytical Set for cHch Stmlcnt, in i»ox . . . .10 0 

Ditto iiccording to tlio List of the .Srienco and Art Dc- 

p;irlment , , . , . . . , .200 

Sot of Rertgent«t» in WhiteGkttH Stopi^Tf'^l Jk»ttle^, as used 

in llie Chemical l^borat/>ry. South Kensington . . J I 1 * 


Vrinltd LUt» of the ab/ivr Sr//f and JUnhtratnl Catnlnffuc of iraUjic 
Apjli(tra(a$ uill hf foru'arded on ap^dication. 


Maker of fill the Ap(>ar«tas detaileti m the S;?ieoce and Art Doptirtnutnt 
Li'*t, for fXirfoming the KijK*hnienij» in Acotustics. Light, HeiaL, 
xnntics, Magnetiani, and Electricity, 

65 BABBICAN, LONDON, B.C. 



CHEAP CHEMICAL APPARATUS. 

SECOND EDITION OF GKIFFIN’S CATALOGUE, entirely revistd, 
and shortly to la* {)nblish<id at greatly reduced prices, being the 
largest, most complete, and cheapest List of Apparatus ever placed 
before the I^ublic. 

CHEMICAL HAHDICRAPT,^ a Classified and Descriptive 
(Catalogue of Chemiuil ApparatUM, with copious Explanatory Notes. 
By John J. Ghiffin, K.C.S. In derny 8vo. 472 pages, illustrated 
by 1,600 \Vo(jdcuts, price 4s. bound in cloth. PostJigo 7d. 


CHEAP SCIENTIFIC APPARATUS FOR SCHOOLS. 

l*rice Sixpence, post free, Third hxlition pruparing for I'ublication. 
.l)i:.SCRIPTlVK CATALOGUE OF AN OKUANISED SET OF 
SCIKNTIFK/ AITARATUS fur the us»* of Elementary Schrsd.**, 
ineluiling a eonsiderablo number of entirely New Instruments for t he 
illustration of Mivhaiiics, Hydro.*<t’it.ies, I'lieumaties, Opties, Heat, 
Magnetism, Electricity, OalvaniMu, Meteorok^gy, Chemistrj*, Miiw- 
rulogy, Geology, and Physical Geography, with the prices at which 
they are ottered to Schoolmasters and the Managers of Schc>ols. 

TEMPORARY CHEMICAL CATALOGUE, quoting Reduced Prices, 
now ready, price 6d. 

SCIENTIFIC APPARATUS FOR SCHOOLS, Temporary List 
now ready, price 4d. 

GKIFFIN’S GAS FURNACES. 

FOB CRUCIBLE OPERATIONS at a white hfta\t, os much as 
h lb. of cast iniri can be lueltcsi at a fusion. Consumption of gas 
i>nly 63 cubic foot per hour. Price 60s. 

FOR MUFFLE OPERATIONSt such ns cu|x?llation, burning 
IsHlie# to obtain their ash, enamelling, &c, »Size of Muttic 8 by 1. 
Price 

MINIATURE OAS FURNACE.— Gas Crucible Furnaces, 
similar to the above, but of small size, suitable for tho fusion of half- 
a-yKiuiul of eopjier, gold, or cast-iron, co.st 21s. each, and n'tjuire Ic'-s 
than half the quantity of gas. They are jmrticularly useful to Dentists 
ami others having only small quantities to op*>rate ujxm, Miifttes 
A by 3 inches. Prospiictuses on application. Price 21s. 

'muffle furnaces, with Muffles, siJse 6 by 3. Price 
aliout 3t>s. 

ChemUHti Ajfj^ratus of et*fry descripfion/or Analytical OperatinnB or 
for K3C}ierimrHi* of Dentongtraiion, 

COLLECTIONS OF APPARATUS SUITABLE FOR MEDICAL STUDENTS, AS 
USED IN THE LONDON LABORATORIES. 

JOHN J. griffin” & SONS, 

aa QABBIOK 8TBSST, W.C. 



BECKER AND SONS’ 

ANALYTICAL, ASSAY. BULLION, & 
SCIENTIFIC BALANCES 

AND 

W^EXOHI’rS X=>XeECISX 03 ^- 


SOhK ENGLISH AGENTS:- 

ALABASTER & COMPAISTY. 

Importers and Exporters of Scientific Apparatus and Books, 
57 LinX^ATE HILL, LONDON, E.C. 

TOWNSON MEBCER 

(Uto JACKSON & TOWNSON) 

WHOLESALE AND EXPORT 

©taltrs in Cticniical ,$fitn(ifit |l 

-A.3SriD CXXJSlwriCAXjS. 


Mailers of Appar»tii», Ac., for the IjjUiomUmcw of Her Majest;y’K 
Honorable lioanU of Inland Krvenue and Guatoms, Ibjval Mint, Koynl 
ArjNeiml, Hoyal Military Academy, l>e|>arl iiient Artillery Studies, lioyal 
Naral College, Royal (\d}«*ge Chemistry, R<»yal .Science College, Itublin ; 
C oundl of jhMucatH>n, South Kenaingtoii, Ac. Ac. 

Manafac*turera and Importers of pure Chemicala. Grailnatfxl Inatru- 
menta. Ac., for Analyab and the geneml Laboratory, ui»e of Manu* 
f^icturent. Mines, Unirersities, (xiUegcs, &c. 

89 BISIOPSGATE STEEET WITHHf, LOlfDOI. 

Xltostrsted CaUlonniM. post frws, Sti. ra»h \o pf?r cent,, alkmed t® 

Srvtitmn sudi ScknKx Teacbm from Um Ueoeriil Li*U. 



JAMES WOOLLEY, SONS, & CO., 

69 MARKET STREET, MANCHESTER, 

Jlwim in Cbtmifal Jppnralns {c lUnpts. 

LAB(>IiATORIK8 SCPPLIKW AriTH 

BALANCES, ASSAT A VOLUMETRIC APPARATUS, 

FCriiK CHEMICAr.f{, TEST SOlirTIOSS, 

BOTT1.BS, I.ABBi:<S, AND NVBBV BBatTIBEUSNT. 

Price lAMa foi'VHtrdtft on opjdivation. 

J. W., S., & C<i. arc authorised hy tlu* Scipueo and Art Dopartmrnt 
to supply Apparatus, towards tho purchase of wliicli aid is granted by 
tlie Department, 



MAWSON A SWAN, 

NEWVASTLE-OS-TYNE, 

MANUFACTURERS AND IMPORTERS OF 


Chemical Apparatus, Philosophical Instruments, 

AND 


Appliances for Keseauck in every Hrancu of 


Physical Science, 


Supply complHo Sets of Api^aratua aiKl Chamtcals as recommended in 
the licarious Text>l>ookB cf Chemistry,. Analytical and KxperimentaL as 
required in connection with Urn Oxford, Cambridge, and South Ken- 
sington Examinations. 


MAwrtw^jr ako Swan are also prepared to supply a set of App ir^us 
and thedieintcaU for the lllttstration of Profceeor FnANXixND s Viktw 
to tefkCh Chemist 17/ 

Prme and jpartuniara vn applkaOam. 












